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ABSTRACT
E x t ra c t s  of spo rang iospo res  of Mucor racemosus co n ta ined  RNA th a t
3
r e a d i ly  h y b r id ize d  w ith  [ H ]p o ly u r id y l ic  a c id .  P r i o r  to  g e r m i n a t i o n ,
t h i s  RNA was i n  a form  sed im entlng  a t  <80S. W ith in  10 m inutes a f t e r
i n i t i a t i n g  g e rm in a tio n ,  most of t h i s  RNA sedimented w ith  polyribosom es
and 80S monoribosomes. P a r t i c u l a t e  m a te r ia l  from spore  e x t r a c t s  bound
to  o l i g o ( d T ) - c e l l u l o s e  a t  h ig h  i o n i c  s t r e n g t h  and was assum ed to
c o n t a i n  m essenger r ib o n u c le o p ro te in  p a r t i c l e s  (mRNP's). A p o r t io n  of
t h e  mRNP's was r e l e a s e d  from  t h e  c o lu m n  by l o w e r i n g  t h e  i o n i c
s t r e n g t h .  O th e r  p o r t i o n s  w ere  e lu te d  s tepw ise  in  b u f f e r  c o n ta in in g
50% and 90% formamide and in  0.1-N NaOH. I d e n t i c a l  e l u t i o n  p a t t e r n s
32w ere  o b se rv e d  w h e th e r  m o n i to r in g  in c o rp o ra te d  P -o rthophosphate  or 
32L - [  S ] m e t h i o n i n e , a b s o r b a n c e  a t  280 nm, o r  h y b r i d i z a t i o n  o f  
3
[ H ] p o l y u r i d y l i c  a c i d .  mRNP's from  th e  f i r s t  two f r a c t i o n s  were 
a n a l y z e d .  A b im o d a l  p o p u l a t i o n  o f  p a r t i c l e s  was d e t e c t e d  i n  
s e d i m e n t a t i o n  v e l o c i t y  and sed im en ta t io n  e q u i l ib r iu m  c e n t r i f u g a t io n .  
P a r t i c l e s  e lu te d  a t  low io n ic  s t r e n g t h  d e m o n s t r a t e d  a s e d i m e n t a t i o n  
c o e f f i c i e n t  d i s t r i b u t i o n  of 20S-to-80S, w ith  a mean o f 55S. P a r t i c l e s  
e l u t e d  i n  fo r m a m id e  d e m o n s t r a t e d  a s e d i m e n t a t i o n  c o e f f i c i e n t  
d i s t r i b u t i o n  of 20S-to-60S , w ith  a  mean of 40S. P a r t i c l e s  e l u t e d  a t  
low i o n i c  s t r e n g t h  d i s p l a y e d  two peaks in  CsCl c e n t r i f u g a t i o n ,  w ith  
bouyant d e n s i t i e s  of 1.37 gm/cc and 1.59 gm/cc. P a r t i c l e s  e l u t e d  in  
form am ide d i s p l a y e d  a  s i n g l e  peak  w i th  a b o u y a n t  d e n s i t y  o f  1.61 
gm/cc. P a r t i c l e s  e l u t e d  a t  low i o n i c  s t r e n g t h  and c e n t r i f u g e d  in  
m etrizam ide s o lu t io n  formed two bands having bouyant d e n s i t i e s  o f  1 .15 
gm/cc and 1 .3 0  gm /cc ; fo rm a m id e -e lu te d  p a r t i c l e s  banded on ly  a t  the
x i i
h ig h e r  d e n s i ty .  Mucor AOS ribosomal subun its  banded a t  1.56 gm/cc and 
1.28 gm/cc in  CsCl and metrizamide s o lu t io n  r e s p e c t iv e ly .  A nalysis  of 
mRNP f r a c t i o n s  by s o d iu m  d o d e c y l s u l f a t e - p o l y a c r y l a m i d e  g e l  
e l e c t r o p h o r e s i s  c h a r a c t e r i z e d  p r o te in  components of th e se  p a r t i c l e s  
which helped ex p la in  t h e i r  bimodal sed im en ta tion  behav iour . Each mRNP 
f r a c t i o n  c o n ta in e d  a u n iq u e  sp e c t ru m  of p r o t e i n s  n o t  s h a r e d  by 
r ib o so m e s  o r  s o l u b l e  c e l l  p r o t e i n s .  The form am ide-eluted p a r t i c l e s  
con ta ined  two p r o t e i n s ,  w hereas  th e  p a r t i c l e s  e l u t e d  a t  low i o n i c  
s t r e n g t h  p o s s e s s e d  12 p r o t e i n s .  A 2 A ,0 0 0 - d a l to n  p r o t e i n  was the 
predominant form in  bo th . The denser mRNP’s were s m a l l e r  and la c k e d  
p r o t e i n s  found in  th e  la r g e r  l e s s  dense p a r t i c l e s .  The former had a 
protein/RNA r a t i o  of A5/55; w hereas  th e  l a t e r  p o s s e s s e d  a v a lu e  of 
9 0 /1 0 .  M essenger RNA e x t r a c t e d  from th e  mRNP’s sedimented between 
8S-to-20S .
x i l i
LITERATURE REVIEW
Mucort Background and Practical Importance
Mucor racemosus I s  a fungus b e lo n g in g  to  th e  c l a s s  Zygom ycetes 
(A lex o p o lo u s  and Mims, 1 9 7 9 ) .  These  f u n g i  a r e  c h a r a c t e r i z e d  as  
producing p r im it iv e  c o e n o c y t ic  ( a s e p t a t e )  hyphae and s t r u c t u r e s  of 
s e x u a l  recom bination  c a l le d  zygospores. They inc lude  many well-known 
g e n e ra  such as R h iz o p u s » Phycom yces, P i l o b o l u s , C u n n in g h a m e l la  , 
A bsid ia ,  Thamnidium and Mucor (Ross, 1979). Most of these  genera grow 
i n  o n ly  a s i n g l e  v e g e t a t i v e  fo rm , the  coenocytic  hyphal morphology. 
Three genera w i t h i n  th e  o rd e r  M u c o ra le s ,  how ever, i n c l u d e  s p e c i e s  
c a p a b l e  o f  g ro w in g  a s  e i t h e r  c o e n o c y t ic  hyphae o r  as s p h e r i c a l  
m u l t ip o la r  budding y e a s t s .  T h is  p r o p e r ty  i s  c a l l e d  d im orph ism  and 
w i l l  be c o n s i d e r e d  i n  m ore d e t a i l  l a t e r .  The g e n e r a  w i t h i n  
Zygomycetes d isp lay in g  dimorphic spec ies  a re  M ycotypha, C okerom yces, 
a n d ,  most i m p o r t a n t l y ,  Mucor. Species w ith in  the  genus Mucor a re  of 
co n s id e rab le  importance to  human b e in g s  f o r  many p r a c t i c a l  r e a s o n s  
which I  s h a l l  b r i e f l y  summarize.
Mucor sp ec ie s  a re  u s u a l ly  sap rophy tes , l i v in g  o f f  decaying animal 
a n d  v e g e t a b l e  m a t t e r  i n  th e  s o i l  (A lex o p o lo u s  and Mims, 1 9 7 9 ) .  
However, p r a c t i c a l l y  any spec ies  can cause an o p p o r tu n is t ic  i n f e c t i o n  
c a l l e d  m ucorm ycosis .  The d e g re e  of s e v e r i t y  of th e  in f e c t io n  can 
range from a mild derm atophytic  c o lo n iz a t io n  of th e  s k i n ,  n a i l b e d  or 
h a i r  f o l l i c l e  to  a deep i n f e c t i o n  of th e  lu n g s  o r  b ra in  which are  
Invaded by p e n e tr a t io n  of hyphae d i r e c t l y  th rough  th e  n a s a l  p a s s a g e s  
( L e h r e r ,  1980; Emmons e t  a l . ,  1977). The more s u p e r f i c i a l  forms of 
i n f e c t i o n  can u s u a l l y  be cu red  w i th  a n t i b i o t i c s  or a n t i s e p t i c s ;
h o w ev er ,  th e  deep m ycoses u s u a l l y  r e s u l t  In  death  even when t r e a t e d  
w ith  p o te n t  fu n g ic id e s  such as am p h o te r ic in  B (L eh re r ,  1980; Emmons e t  
a l  • ,  1 9 7 7 ) .  F o r t u n a t e l y  i t  i s  u s u a l l y  o n l y  p a t i e n t s  t h a t  a r e  
e x t r e m e l y  d e b i l i t a t e d  to  b e g in  w i th  t h a t  a c q u ire  Mucor i n f e c t i o n s ,  
such as d i a b e t i c s ,  b u rn  v i c t i m s ,  c a n c e r  p a t i e n t s  on c h e m o th e ra p y ,  
o rg a n  t r a n s p l a n t  r e c i p i e n t s  on immunosuppressants, AIDS p a t i e n t s  and 
o th e r s  w ith  weakened immune systems (Rippon, 1982).
Mucor sp e c ie s  a re  n o to r io u s  sp o i la g e  ag en ts  in  th e  food in d u s t ry .  
They can grow on p r a c t i c a l l y  any s u b s t r a t e  p r o v i d i n g  a  s im p le  or 
com plex  s u g a r  o r  a p r o t e i n  as th e  main carbon so u rce .  They can grow 
a t  a  low tem p e ra tu re ,  a low w ater  a c t i v i t y ,  and a low pH. Hence they 
a r e  u b i q u i t o u s  d e s p o i l e r s  of m e a t ,  p o u l t r y ,  d a i ry  p ro d u c ts ,  c i t r u s  
f r u i t s ,  and baked goods ( F r a z i e r ,  1958; J a y ,  1978).
On th e  o th e r  hand, Mucor sp e c ie s  have been u sed  to  p ro d u c e  many 
food  p r o d u c t s  consumed by man. For example, many a lc o h o l ic  beverages 
a r e  ferm ented from r i c e  in  th e  O r ie n t  by th e  a c t i o n  o f  Mucor r o u x i i  
( H e n r i c i ,  1930). Sufu and tempeh a re  ferm ented soybean curd p roduc ts  
a l s o  made in  th e  O rien t  by the  a c t io n  of Mucor ( J a y ,  1 9 7 8 ) .  I n  th e  
W e s t ,  t h e  p r o t e o l y t i c  enzym e r e n n i n  i s  r e c o v e r e d  from  c u l t u r e  
s u p e rn a ta n ts  of Mucor m eihei and used in  cheesem aking (A y res  e t  a l . ,
1980).
S e v e r a l  i n d u s t r i a l  p r o d u c t s  and p r o c e s s e s  have  employed some 
sp e c ie s  of Mucor. E th y l  a l c o h o l  has  b een  p ro d u c e d  c o m m e rc ia l ly  in  
F r a n c e  by th e  f e r m e n ta t i v e  a c t io n  of Mucor r o u x i i  on g ra in  (H e n r ic i ,  
1930). The enzyme a lpha-am ylase  and the  a n t i b i o t i c  f u s i d i c  a c id  a r e  
c o m m e rc ia l ly  r e c o v e r e d  from  Mucor c u l t u r e s  (A y re s  e t  a l . ,  198 0 ).  
Mucor s p ec ie s  a re  r e p o r te d ly  involved  in  the  r e t t i n g  of f l a x  and hemp
and i n  th e  r i p e n i n g  of s n u f f  ( H e n r i c i ,  1 9 3 0 ) .  The o rg an ism  i s  a 
nuisance in  causing the  ro t  of l e a th e r  products  (H e n r ic i ,  1930).
M ucor h a s  p r o v e n  to  be an im p o r ta n t  l a b o r a t o r y  o rg an ism  in  
s tu d ie s  on mating (Gooday, 1974), macromolecular s y n th e s is  (O r lo w s k i ,
1 9 8 1 ) ,  c e l l  w a ll  fo rm ation  (B a r tn ic k i-G a rc ia ,  1981) and morphogenesis 
(S ypherd  e t  a l . ,  1 9 7 8 ) .  The r o l e  o f  t r i s p o r i c  a c i d  i n  s e x u a l  
a t t r a c t i o n  and  z y g o s p o r e  f o r m a t i o n  was e l u c i d a t e d  in  s e v e r a l  
zygomycete sp ec ie s  in c lu d in g  Mucor mucedo and Mucor h ie m a lis  (Gooday, 
1974). The response of ribosome fu n c t io n  to  growth r a t e  and n u t r i t i o n  
has  been s t u d i e d  in  Mucor racem osus  by Orlowski and h i s  co-workers 
(O r lo w sk i ,  1981; R o ss ,  1 9 8 3 ) .  The s t r u c t u r e  and f u n c t i o n  of th e  
c h i t o s o m e ,  a n e w l y - d e s c r i b e d  o r g a n e l l e  f o r  making c h i t i n ,  was 
i n i t i a l l y  rep o r ted  in  Mucor ro u x i i  by B a r tn ic k i - G a r c ia  (1 9 8 1 ) .  Many 
d i f f e r e n t  a sp ec ts  of Mucor dimorphism have been s tu d ied  as a model of 
m o rp h o g e n e s is  m a in ly  in  Mucor r o u x i i , Mucor racem osus  and  M ucor 
genevensis in  about two dozen la b o r a to r ie s  around the  world.
Fungal Dimorphism 
The General Phenomenon
Dimorphism i s  a common occurance among fu n g i .  A la rg e  number of 
fu n g i ,  belonging to  d iv e rse  taxonomic groups, have the  a b i l i t y  to  grow 
in  a l t e r n a t i v e  m orphological forms. Most commonly these  organisms can 
grow in  th e  form of y e a s ts  ( r o u n d ,  budd ing  c e l l s )  o r  hyphae ( lo n g ,  
b ra n c h in g  s t r u c t u r e s ) .  Many o f  th e s e  dim orphic spec ies  a re  severe  
p a th o g e n s  w hich c a u s e  s y s t e m i c  o r  d e e p  m y c o s e s .  E x a m p le s  o f  
p a th o g e n ic  spec ies  in c lude  Coccidiodes j im n it is , the  e t i o l o g i c a l  agent 
o f  c o c c i d i o d i m y c o s i s ; H i s t o p l a s m a  c a p s u l a t u m , t h e  c a u s e  o f
h is to p la s m o s is ;  Blastomyces d e r m a t i t i d i s , the  agent of b l a s t o m y c o s i s ;  
and C and ida  a l b i c a n s , w hich  cau ses  c a n d id i a s i s .  H is to p la sm o sis  and 
b las tom ycosis  a r e  d i s e a s e s  endem ic  to  th e  lo w er M i s s i s s i p p i  R iv e r  
V a l l e y  and so a r e  o f  g r e a t  c o n c e rn  in  L o u i s i a n a  and o t h e r  s o u th -  
c e n t r a l  s t a t e s .  I t  i s  c h a r a c t e r i s t i c  of t h e s e  d im o rp h ic  p a th o g e n s  
t h a t  only one m orpholog ical form of the  organism ( u s u a l ly  th e  y e a s t  or 
s p h e r u l e  fo rm ) i s  found  i n  i n f e c t e d  t i s s u e .  Human i n f e c t i o n  i s  
g e n e r a l ly  an o p p o r tu n i s t i c  occurance in  a d e b i l i t a t e d  h o s t .  A l l  th e  
m e n t i o n e d  o r g a n i s m s  a r e  f o u n d  p r i m a r i l y  i n  t h e  s o i l  l i v i n g  
s a p r o p h y t i c a l ly  i n  th e  m y c e l i a l  form  (A le x o p o lo u s  and Mims, 1979; 
Ross, 1979; Deacon, 1980; Jawetz e t  a l . ,  1970).
Mucor Dimorphism
S in c e  c e l l  m orpho logy  seems in t im a te ly  r e l a t e d  to  p a th o g e n ic i ty  
in  many fu n g i ,  an un d e rs tan d in g  of the  m olecu lar mechanisms r e g u la t in g  
dimorphism may p r o v id e  a b a s i s  f o r  t r e a t m e n t  o r  p r e v e n t i o n  of th e  
d i s e a s e s  cau se d  by th e s e  f u n g i .  Mucor p rov ides  us w ith  a r e l a t i v e l y  
s a f e  system in  which to  s tu d y  th e  r e g u l a t i o n  o f  f u n g a l  d im o rp h ism . 
What we le a r n  from th e  Mucor system may someday be a p p l ie d  to  c o n t ro l  
o f  th e  more dangerous dim orphic funga l pathogens and a l s o  may add to  
o u r  k n o w le d g e  o f  d e v e l o p m e n t a l  b io lo g y  and b i o l o g i c a l  c o n t r o l  
mechanisms in  g e n e ra l .
I n  a d d i t i o n  to  th e  low p a t h o g e n i c i t y  o f  M ucor, s e v e r a l  o t h e r  
p r o p e r t i e s  o f  t h i s  fu n g u s  a c c o u n t  f o r  i t s  g row ing  p o p u la r i ty  as a 
la b o ra to ry  model of dimorphism. The organism i s  very  easy to  grow in  
t h e  p u re  form  o f e i t h e r  m o rp h o lo g y . A v e r y  r a p i d  and synchronous 
convers ion  of y e a s ts  to  hyphae or hyphae to  y e a s t s  can be c a u se d  by
simply changing the gaseous environment of the  c e l l s .  This conversion 
i s  q u i t e  r e v e r s i b l e  by changing the  system back to  the  o r ig i n a l  gas. 
A gross a l t e r a t i o n  in  n u t r i t i o n a l  co n d itio n s  i s  not necessary  fo r  t h i s  
dimorphic c o n v e r s io n ,  as i s  som etim es th e  c a se  i n  o th e r  d im o rp h ic  
g e n e ra  (S ypherd  e t  a l . ,  1 9 7 8 ) .  The conversion  can occur in  complex 
(L a rse n  and S y p h e rd ,  1974) o r  d e f in e d  ( P e t e r s  and S y p h e rd ,  1978) 
l i q u i d  m e d ia .  M u ta n t s  c an  be made and s e l e c t e d  f o r  i n  e i t h e r  
m orphological form on agar p la te s  (P e te rs  and Sypherd, 1978; R once ro , 
1 9 8 4 ) .  G e n e t ic  exchange i s  p o s s ib le  by means of zygospore form ation 
(G auger , 1965) or h e te r o k a r y o n  fo r m a t io n  f o l l o w in g  th e  f u s i o n  of 
p r o t o p l a s t s  made by t r e a t i n g  c e l l s  w i th  c h i t o s a n a s e  to  d ig e s t  the  
o u te r  w a ll  (Genthner and B orgia , 1978; Lasker and B orgia , 1980). Any 
one of s e v e r a l  e n v i ro n m e n ta l  s t i m u l i  can in d u ce  th e  m orphological 
t r a n s i t i o n .  Growth i s  an o b l ig a te  p a r t  of morphogenesis, as i t  i s  in  
the  case of h ig h e r  organisms.
I n  a l l  s p e c i e s  of Mucor grow th  on a s o l i d  medium in  a i r  g ives 
r i s e  to  the  p roduc tion  of sporangiospores c o n ta in ed  w i t h i n  s p o r a n g ia  
( s a c s )  a t  the  ends of sporangiophores ( a e r i a l  hyphae) (F ig .  1 ) .  Upon 
in t r o d u c t io n  to  l iq u id  medium th e  e l l i p s o i d a l  s p o re s  s w e l l ,  become 
s p h e r i c a l ,  a n d ,  i f  u n d e r  a i r ,  form hyphal germ tubes (F ig s .  2 & 3 ) .  
The hyphae ra p id ly  e longa te  and branch many tim es  ( F i g .  3 ) .  Hyphal 
g row th  i s  by a p i c a l  e x t e n s i o n  of th e  c e l l  w a l l .  Upon d e p le t io n  of 
carbon or n i t ro g en  sources in  the  medium the  hyphae fragment in to  many 
approxim ately  s p h e r ic a l  a r th ro sp o re s  which resemble y e a s ts  except th a t  
they do no t possess  buds. I f  th e  sporangiospores a r e  from a dimorphic 
sp ec ie s  of Mucor ( s e v e ra l  spec ies  e x h ib i t  only hyphal growth) and a r e  
u n d e r  an a n a e r o b ic  a tm o s p h e re ,  m u l t i p l e  buds a t  random l o c a t i o n s
F igu re  1 . Types of spores formed by Mucor spp. A) Zygospores of 
Mucor h ie m a l is . These c e l l s  a re  the  products  of g e n e t ic  recom bination 
be tw een  h e t e r o t h a l l i c  m a tin g  t y p e s .  Some s p e c i e s  o f  M ucor a r e  
h o m o t h a l l i c ,  b u t  a l l  can p ro d u ce  th e s e  sp o re s .  B) A rth rospo res  of 
Mucor racemosus. These s t r u c tu r e s  serve as a s u rv iv a l  mechanism under 
co n d it io n s  of environm ental d u r e s s .  A l l  s p e c i e s  can p ro d u ce  them. 
C) S p o r a n g i o s p o r e s  o f  M ucor r a c e m o s u s . T hese  s p o re s  s e r v e  to  
d issem ina te  the  organism th ro u g h  th e  e n v i ro n m e n t .  A l l  s p e c i e s  can 
p ro d u ce  them. A ll  specimens a re  d isp layed  a t  the  same m a g n if ic a t io n .  
The marker bar re p re se n ts  20 yam in  each case .
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Figure  2 . B iphasic  morphogenesis and a l t e r n a t i v e  d e v e lo p m e n ta l  
f a t e s  of sporangiospores  from dimorphic Mucor spp. Development of the  
y e a s t  morphology re q u ire s  the  presence of a hexose sugar in  the  growth 
medium as w e ll  as an anaerobic  atmosphere.
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Figure  3. Photomicrographs of the  germ ination  sequence of Mucor 
r a c e m o s u s  s p o r a n g i o s p o r e s  u n d e r  a i r  ( a e r o b i c )  o r  100% n i t r o g e n  
( a n a e r o b i c )  a tm o s p h e re s .  A— >B) S p h e r i c a l  g ro w th  u n d e r  e i t h e r  
a tm o s p h e re .  C—>E) Development of hyphae under a i r .  F—>H) Develop­
ment of y e a s ts  under n i t r o g e n .  A l l  spec im ens  a r e  d i s p l a y e d  a t  th e  
same m a g n if ic a t io n .  The marker bar r e p re se n ts  20 urn in  each case .

around th e  s u r fa c e  of the  sw ollen  spore a re  formed ( F i g s .  2 & 3 ) .  A 
s i n g l e  m o th e r  c e l l  may possess  in  excess of 10 buds, a l th o u g h  3 o r  4 
i s  more t y p i c a l  (F ig .  3 ) .  Growth in  e i t h e r  the  y e a s t  o r  h y p h a l  form 
w i l l  c o n t i n u e  i n d e f i n i t e l y  u n l e s s  th e  en v iro n m en ta l  c o n d it io n s  a re  
changed. The s p e c i f i c  env ironm enta l  s t im u l i  f o r  morphogenesis w i l l  be 
d iscu ssed  below. In  any y e a s t - to - h y p h a  t r a n s i t i o n  th e  m o th e r  c e l l s  
w i l l  f i r s t  shed a l l  buds. A fte rw ards , hyphal outgrowths a re  formed on 
8 0 - to -90%  o f  th e  s p h e r i c a l  c e l l s  and growth by a p ic a l  e x ten s io n  and 
branch ing  en su es . I n  any h y p h a - to -y e a s t  t r a n s i t i o n ,  s p h e r i c a l  c e l l s  
bud from  th e  s i d e s  and t i p s  of th e  h y p h a e . Some hyphal s t r u c tu r e s  
always remain in  the  c u l tu r e  even a f t e r  long p e r io d s ,  making the  s h i f t  
i n  t h i s  d i r e c t i o n  le s s  q u a n t i t a t i v e  and th e r e f o r e  much l e s s  f r e q u e n t ly  
s tu d ie d  (Sypherd e t  a l . ,  1978; I n d e r l i e d  e t  a l . ,  1985; C ih la r ,  1985).
Mucor dimorphism may be in f lu en c ed  by the I n t e r a c t i o n  of s e v e r a l  
e n v i r o n m e n ta l  f a c t o r s ,  i n c l u d i n g  a tm o s p h e re ,  n i t r o g e n  sou rces  and 
c a rb o n  s o u r c e s .  Y e a s t  m orpho logy  i s  d i r e c t l y  i n f l u e n c e d  by th e  
c o n c e n t r a t i o n  of fe rm en tab le  h exoses . High hexose c o n c e n tra t io n s  a re  
re q u ire d  f o r  y e a s t  development, whereas low c o n c e n t r a t i o n s  of h e x o se  
f a v o r  h y p h a l  d e v e lo p m e n t .  O th e r  c a rb o n  s o u r c e s  such  as m an n ito l ,  
v a r io u s  d i s a c c h a r id e s ,  pen toses  and two- and t h r e e - c a r b o n  compounds, 
su ch  as g l y c e r o l ,  a c e t a t e  and p y r u v a t e ,  e l i c i t  only hyphal growth. 
The im portance of hexoses can  be u n d e r s c o r e d  by th e  n e c e s s i t y  o f  a 
h e x o se  c a rb o n  source  f o r  th e  m orphopoietic  a c t io n  of v a r io u s  chemical 
a g e n ts .  P h ene thy l a lc o h o l  m a in ta in s  y e a s t  morphology In  Mucor r o u x i i  
r e g a r d l e s s  o f  t h e  a t m o s p h e r e ,  b u t  f a i l s  t o  p r e v e n t  h y p h a l  
morphogenesis in  th e  absence of a hexose (T e re n z i  and S t o r c k ,  1 9 6 8 ) .  
S i m i l a r l y ,  th e  a n t i b i o t i c  ch loram phenicol fav o rs  y e a s t  development in
Mucor ro u x i i  and Mucor g e n e v e n s is  r e g a r d l e s s  of a tm o s p h e re ,  b u t  i s  
a l s o  d e p e n d e n t  on t h e  p re s e n c e  of h ex o ses  ( C la r k - W a lk e r , 1973; 
Zorzopolous e t  a l . ,  1973). C yclic  AMP a lso  induces y e a s t  deve lopm ent 
i n  Mucor ro u x i i  and Mucor racemosus, but w i l l  not do so in  the  absence 
of a  hexose (Larsen  and Sypherd, 1974). I t  has been claimed t h a t  EDTA 
in d u c e s  g row th  e x c l u s i v e l y  in  th e  h y p h a l  form (Zorzopolous e t  a l . ,  
1973), however, th i s  o b se rv a tio n  i s  not re p e a ta b le  w ith  a l l  sp ec ie s  of 
Mucor (Orlowski, 1986).
Atmosphere a lso  In f lu en ces  Mucor d im orph ism . B a r t n i c k i - G a r c i a  
and N ic k e r so n  (1962a)  r e p o r t e d  t h a t  a CC^ a tm o sp h ere  favors  y eas t  
development on both l i q u i d  and s o l i d  m ed ia ,  w h e rea s  a i r  s t i m u l a t e s  
hyphal growth. Temperature and pH did  not a f f e c t  morphology accord ing  
to  t h e i r  s tudy , proving th a t  a c i d i f i c a t i o n  of the  media by COg i s  not 
a f a c t o r .  H o w e v e r ,  t h e  e f f e c t  o f  CC^ i s  m o d i f i e d  by h e x o s e  
c o n c e n t r a t i o n  and com ple te ly  c an ce lled  by the  p resence  of oxygen. A 
n i t ro g e n  atmosphere was o r ig i n a l ly  thought to  f a v o r  h y p h a l  g row th  in  
Mucor r o u x i i  ( B a r tn ic k i - G a r c ia  and N ickerson , 1962b). L a te r ,  Mooney 
and Sypherd (1976) claimed th a t  c e l l  morphology was dependent upon the 
flow r a t e  of n i t ro g en  gas through the  c u l tu re :  the  g r e a te r  the  volume 
of gas flow, th e  g re a te r  the  p ro p o r t io n  of y e a s t  forms in  the  c u l tu r e .  
However, P h i l l i p s  and B o rg ia  (1985) have  r e c e n t l y  shown th a t  both 
p rev ious r e s u l t s  were s p u r i o u s ,  b e in g  due to  m in u te  q u a n t i t i e s  of 
contam inating  oxygen th a t  i s  ab le  to  p e n e tr a te  the  gas d e l iv e ry  tubing 
( n o r m a l ly  made of ty g o n  o r  t e f l o n )  a t  low n i t ro g en  flow r a t e s .  Any 
t r u l y  anaerob ic  c u l tu re  produces only y e a s t  c e l l s ,  p r o v id e d  a hexose  
i s  p re s e n t .
Regulation of Mucor Dimorphism
A la rg e  number of b iochem ica l and p h y s io lo g ic a l  p r o p e r t i e s  of the  
c e l l  h a v e  b e e n  e x a m in e d  i n  an a t t e m p t  to  d i s c o v e r  t h e  u l t i m a t e  
d e t e r m i n a n t ( s ) o f  M ucor m o r p h o l o g y .  The c e l l  w a l l  a n d  w a l l  
s y n t h e s i z i n g  enzymes have been s tu d ie d  f o r  y ea rs  by B a r tn ic k i -G a rc ia  
and h i s  c o -w o rk e rs .  The g i s t  o f  what th e y  have  found  i s  t h a t  th e  
chem ical com position of the  w a l l  i s  no t very  d i f f e r e n t  in  Mucor y e a s ts  
and hyphae, being composed mainly of c h i t i n  and c h i to s a n  m i c r o f i b r i l l s  
(B a r tn ic k i -G a rc ia ,  1968). They th in k  th a t  Mucor v e g e ta t iv e  morphology 
i s  determ ined by th e  p a t t e r n  of w a ll  polymer d e p o s i t io n  and t h a t  t h i s  
p a t t e r n  i s  governed l a r g e ly  by the  d i s t r i b u t i o n  of c h i t i n  sy n th e s iz in g  
v e s i c l e s  c a l l e d  chitosomes (B a r tn ic k i -G a rc ia ,  1981). The enzyme which 
polym erizes c h i t i n  from N -ace ty lg lucosam ine , c a l l e d  c h i t i n  s y n th e ta s e ,  
i s  s y n t h e s i z e d  i n  an i n a c t i v e  ( ’’zym ogen '')  fo rm  ( R u i z - H e r r e r a  and 
B a r t n i c k i - G a r c i a ,  1 9 7 6 ) .  I t s  a c t i v i t y  w i th in  the  chitosom es appears 
to  be m o d u la te d  by a  b a l a n c e  be tw een  th e  l e v e l s  o f  a p r o t e o l y t i c  
a c t i v a t o r  and a h e a t  s t a b l e ,  d ia ly z a b le  i n h i b i t o r  p re s e n t  in  th e  c e l l  
cytoplasm  (R u iz -H erre ra  and B a r tn ic k i -G a r c ia ,  1 9 7 6 ) .  The a c t i v i t i e s  
of c h i t i n  d e a c e t y l a s e ,  to  c r e a t e  c h i t o s a n  from  c h i t i n ,  (Davis and 
B a r tn ic k i -G a r c ia ,  1984); v a r io u s  w a l l  l y t i c  enzymes, such as c h i t i n a s e  
to  a l lo w  i n s e r t i o n  of new w a l l  f r a g m e n t s ,  (Humphreys and Gooday, 
1984a,b); and s e v e ra l  enzymes re s p o n s ib le  f o r  sy n th e s iz in g  the  v a r io u s  
" g l u e - l i k e ” p o ly u r o n i d e  m a t r i x  components of th e  c e l l  w a l l  (Dow and 
Rubery, 1977; Dow and V i l l a ,  1980; Dow e t  a l . ,  1983) m ust a l s o  be 
r e g u l a t e d  in  an e x q u i s i t e l y  c o o r d i n a t e d  fa s h io n  in  o rd e r  to  e f f e c t  
w a l l  assembly in  the  p r e c i s e  v e c t o r i a l  p a t t e r n  t y p i c a l  of hyphae or in  
the  d i f f u s e  g e n e ra l iz e d  p a t t e r n  t y p i c a l  of y e a s t s .  M icro f i lam en ts  and
m i c r o t u b u l e s  ( S t e r w a r t  and R o g e r s ,  1978) an d  i n t r a c e l l u l a r  i o n  
c u r r e n t s  ( B a r t n i c k i - G a r c i a ,  1973; K rop f e t  a l . ,  1983) h av e  been  
proposed as mechanisms to  d i r e c t  chitosom es to  t h e  a p p r o p r i a t e  s i t e s  
o f  c h i t i n  d e p o s i t i o n ,  h o w ev er ,  no d e f i n i t i v e  evidence y e t  e x i s t s  to  
support  th e se  n o t io n s  (O rlow ski, 1986).
R e d i re c t io n  of th e  p a t t e r n  o f  w a l l  d e p o s i t i o n  may be t h e  m ost 
im m ed ia te  d e te rm in an t  of a  m orpholog ical change in  Mucor and may lead  
one to  b e l ie v e  th a t  th e  p rocess  of Mucor morphogenesis i s  co n ce p tu a l ly  
very  s im ple . However, the  number of enzymes, a c t i v a t o r s ,  i n h i b i t o r s ,  
s u b - c e l l u l a r  o r g a n e l le s ,  and s u b s t r a t e s  invo lved  in  w a l l  c o n s t r u c t io n  
a re  c o n s i d e r a b l e  and may be d i r e c t l y  o r  I n d i r e c t l y  a f f e c t e d  by a 
d i v e r s i t y  of p h y s i o l o g i c a l  p a r a m e t e r s .  T h e re  may be an e x te n s iv e  
c h a in  o r  n e tw o rk  o f m o le c u la r  e v e n t s  and s i g n a l s  t h a t  u l t i m a t e l y  
r e l a t e  a tm ospheric  com position and the  p a t t e r n  of w a l l  d e p o s i t io n .  In  
a d d i t i o n  to  the  obvious g ross  m orpholog ical d i f f e r e n c e s ,  Mucor y e a s ts  
and hyphae may be c o n s i d e r a b l y  d i f f e r e n t i a t e d  from  one a n o t h e r  i n  
t e r m s  of many of t h e i r  c y t o l o g i c a l ,  p h y s i o l o g i c a l  and m e ta b o l i c  
p r o p e r t i e s .  Most p r o p e r t i e s  o f  th e  o r g a n is m  a r e  n o t  y e t  w e l l -  
c h a r a c t e r i z e d  in  e i t h e r  y e a s t s  o r  h y p h a e .  T h e r e f o r e ,  com parative 
s tu d ie s  of Mucor y e a s t s  and hyphae have no t s to p p ed  a t  th e  c e l l  w a l l  
b u t  have  encom passed  an exam ination  of carbon and energy m etabolism , 
n i t r o g e n  m e ta b o l i s m ,  l i p i d  s y n t h e s i s ,  enzym e c o m p o s i t i o n  and  
p r o p e r t i e s ,  e f f e c t s  o f  s e v e r a l  e n d o g e n o u s ly  s y n t h e s i z e d  s m a l l  
m olecules and m acromolecular s y n th e s is  (O rlow ski, 1986). In  a d d i t io n ,  
s e v e r a l  gene p roduc ts  have been  i n v e s t i g a t e d  w i t h  r e s p e c t  t o  t h e i r  
p o t e n t i a l  r o l e s  i n  Mucor d im orph ism  by means o f modern m o le c u la r  
g e n e t ic s  (O rlow ski, 1986).
To put th e  m a t te r  most c o n c is e ly ,  a f t e r  a long p e r io d  of s tudy  by 
many l a b o r a to r i e s  (B a r tn ic k i -G a rc ia  and N ickerson , 1962a ,b ; R ogers  e t  
a l . ,  1 9 7 4 ;  i l e r e n z i  and  S t o r c k ,  1968; Z o rz o p o lo u s  e t  a l . ,  1973; 
Faznokas and Sypherd, 1975; I n d e r l i e d  and Sypherd, 1978; P h i l l i p s  and 
B o r g ia ,  1985; B o rg ia  e t  a l . ,  1985) i t  m ust be c o n c lu d e d  t h a t  the  
pathw ays of c a rb o n  and e n e rg y  m e ta b o l i sm  a r e  I r r e l e v a n t  to  Mucor 
d im o rp h ism  ( O r lo w s k i ,  1986). The same con c lu s io n  was r e c e n t ly  drawn 
from  th e  e x t a n t  l i t e r a t u r e  by O r lo w sk i  w i th  r e s p e c t  to  n i t r o g e n  
m e ta b o l i sm  in  h i s  s o o n - t o - b e - p u b l i s h e d  re v ie w  on Mucor dimorphism 
( O r lo w s k i ,  1 9 8 6 ) .  Changes in  p h o s p h o l i p i d  s y n t h e s i s  h a v e  b e e n  
s u g g e s te d  to  a f f e c t  membrane c o m p o s i t io n  and the  a c t i v i t y  of w a l l -  
s y n th e s iz in g  enzymes ( I t o  e t  a l . ,  1982; Lopez-Roraero e t  a l . ,  1 9 8 5 ) ,  
b u t  a d e a r t h  o f  a c t u a l  d a t a  must make t h e s e  c o n c l u s i o n s  r a t h e r  
p r e l i m i n a r y .  Changes i n  enzyme a c t i v i t i e s  and enzyme p r o p e r t i e s  
abound d u r in g  Mucor m o rp h o g e n e s is  (O rlow ski, 1986). D is t in g u is h in g  
th e  changes c a u s a l l y  r e l a t e d  to  m o rp h o g e n e s is  from  th o s e  c a s u a l l y  
accom pany ing  m o rp h o g e n e s is  re m a in s  one o f  t h e  m a jo r  o b s t a c l e s  to 
un d e rs tan d in g  Mucor dimorphism.
An a s s o r tm e n t  o f  e n d o g e n o u s ly  s y n t h e s i z e d  s m a l l  m o l e c u l e s  
f l u c t u a t e  i n  am o u n t i n  c h a r a c t e r i s t i c  p a t t e r n s  d u r i n g  Mucor 
m orphogenesis . Some of t h e s e ,  su ch  as  c y c l i c  AMP, have  a d e f i n i t e  
e f f e c t  on c e l l  m orpho logy  ( L a r s o n  and S y p h e rd ,  1974; Orlowski and 
Ross, 1981). O th e rs ,  such as the  polyamines (G arc ia  e t  a l . ,  1980) and 
S -adenosylm eth ionine  (SAM) (G arc ia  and Sypherd, 1984), o f f e r  e v id e n c e  
o f  a s t r o n g  b u t  n o t  y e t  d e f i n i t i v e  c o r r e l a t i o n  w ith  m orphogenesis. 
C yclic  AMP i s  a  sm all molecule t h a t  has been w e l l  c h a r a c t e r i z e d  as a 
r e g u l a t o r y  e le m e n t  i n  many o t h e r  s y s te m s ,  a c t i n g  p r i m a r i l y  as  an
e f f e c t o r  of p ro te in  k in ases  in  eukaryotes  (Robison e t  a l . ,  1971). As 
w i l l  be d iscussed  below, c y c l i c  AMP may a c t  in  such a ro le  to  re g u la te  
t h e  p r o t e i n  s y n t h e s i z i n g  system in  Mucor (Larson and Sypherd, 1979). 
The p o ly am in es  a l s o  n o r m a l l y  a c t  a s  e f f e c t o r s  o f  t h e  p r o t e i n  
s y n t h e s i z i n g  a p p a r a tu s  in  p ro k a r y o t ic  and eu k a ry o tic  c e l l s  (Abraham 
and P ih l ,  1981; A lg ra n a t i  and Goldemberg, 1977). SAM i s  u n iv e r s a l ly  a 
m ethyl donor w ith in  the  c e l l  and, in  Mucor, may m od u la te  th e  p r o t e i n  
s y n t h e s i z i n g  m a c h i n e r y  t h r o u g h  key m e t h y la t io n s  of a c r i t i c a l  
component of t h i s  system (H ia t t  e t  a l . ,  1982; Fonzi e t  a l . ,  1985). In  
the  n e x t  I n t r o d u c t o r y  s e c t i o n  I  s h a l l  d i s c u s s  th e  known f a c t s  of 
m a c ro m o le c u la r  s y n t h e s i s  in  Mucor and in  g en e ra l  as a prologue to  my 
own re se a rc h .
Macromolecular Synthesis and Mucor Dimorphism
Macromolecular sy n th e s is  i s  e s s e n t i a l  to  any morphogenetic change 
in  Mucor. I f  RNA or p ro te in  sy n th es is  i s  blocked w ith  an i n h i b i t o r  or 
brought to  a s to p  by s t a r v a t i o n  of an a u x o tro p h  a l l  d e v e lo p m e n ta l  
change  c e a s e s  (O r lo w s k i ,  1 9 8 6 ) .  Aerobic hyphae grow and sy n th e s iz e  
macromolecules a t  much f a s t e r  r a t e s  th a n  CX^-grown y e a s t s ;  how ever, 
t h e y  do so  a t  o n ly  s l i g h t l y  f a s t e r  r a t e s  th a n  Ng-grown y e a s t s  
(O r lo w sk i ,  1 9 8 1 ) .  O rlo w sk i and Ross (1981) have  d i s c r e d i t e d  th e  
n o t i o n  t h a t  Mucor m orphology I s  an o b l ig a te  c o r r e l a t e  of the  growth 
r a t e  or of the  s t e a d y - s t a t e  r a t e  of p ro te in  s y n th e s i s .  Evidence does 
s u g g e s t  t h a t  a number of c r i t i c a l  even ts  take  p lace  a t  the  l e v e l  of 
macromolecular s y n th e s is  during Mucor morphogenesis.
Under co n d it io n s  conducive to  a y eas t- to -h y p h a  c o n v e rs io n ,  t h e r e  
a r e  im m ed ia te  b u t  t r a n s i e n t  in c re a s e s  in  the  r a t e s  of RNA (Orlowski
18
a n d  S y p h e r d ,  1 9 7 8 b )  and  p r o t e i n  ( O r l o w s k i  and S y p h e rd ,  1977) 
s y n th e s i s .  Orlowski and h is  co lle ag es  de term ined  t h a t  th e  r a t e s  of 
p r o t e i n  s y n t h e s i s  a r e  c o n t ro l le d  by a dynamic balance between i )  the  
c e l l u l a r  r ibosom e c o n c e n t r a t i o n ,  i i )  t h e  p e r c e n t a g e  of r ibosom es  
r e c r u i t e d  i n t o  t h e  t r a n s l a t i o n  p r o c e s s ,  and i i i )  t h e  r a t e  of 
po lypep tide  chain  e lo n g a t io n  (Orlowski and Sypherd, 1978a,c; Orlowski, 
1981; Ross and O r lo w s k i ,  1 9 8 2 a ,b ) .  The l a t t e r  two p a ra m e te r s  a re  
a d ju s ted  immediately upon the s t im u la t io n  of morphogenesis by a change 
of a tm o s p h e re .  The s p e c i f i c  a c t i v i t i e s  of s e v e ra l  d i f f e r e n t  enzymes 
have been documented to  in c re a se  a t  t h i s  time (Orlowski, 1986) and an 
a n a l y s i s  of r a d i o i s o t o p i c a l l y - l a b e l l e d  p r o t e i n s  by means of two- 
d im e n s io n a l  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  (2 -D  PAGE) and  
a u to ra d io g ra p h y  ( O 'F a r r e l l ,  1975) suggested th a t  s e v e ra l  p ro te in s  are  
new ly s y n t h e s i z e d  d u r in g  th e  d i m o r p h i c  c o n v e r s i o n  w h e r e a s  t h e  
s y n th e s is  of s e v e ra l  o th e r  p ro te in s  ceases a t  t h i s  time (H ia t t  e t  a l . ,  
1980; P h i l l i p s  and B orgia , 1985).
S e v e r a l  p a ra m e te r s  t h a t  a r e  known to  a f f e c t  th e  q u a n t i t y  and 
q u a l i ty  of messenger RNA t r a n s l a t i o n  in  o th e r  b io lo g ic a l  sy s te m s  show 
major changes in  Mucor a t  the  same time th a t  a l t e r a t i o n s  in  the  r a te s  
and i d e n t i t i e s  of p ro te in s  syn thes ized  a re  being d isp la y ed .  The same 
c o r r e l a t i o n s  a r e  n o t i c e d  w h e th e r  one c o n s id e r s  a y e a s t - t o - h y p h a  
conversion  or the  development of hyphae from  s p o r a n g i o s p o r e s . The 
deve lopm ent of y e a s t s  has n o t  y e t  been s tu d ied  w ith  regard  to  these  
p a r a m e te r s .  S p e c i f i c a l l y ,  th e  p a ra m e te r s  of i n t e r e s t  a r e  i )  th e  
p h o s p h o r y la t io n  of r ib o s o m a l  p r o t e i n  S6 (L arsen  and Sypherd, 1979; 
1980), i i )  i n t r a c e l l u l a r  le v e l s  of the  polyamine p u tre sc ln e  (G arc ia  e t  
a l . ,  1980) and of the enzyme o r n i t h i n e  d e c a r b o x y la s e  ( I n d e r l i e d  e t
19
a l . ,  1980) which i s  re s p o n s ib le  f o r  m aking p u t r e s c i n e ,  and i i i )  th e  
degree of m e th y la t io n  of p r o t e in  s y n th e s is  e lo n g a t io n  f a c t o r  EF-lot and 
i n t r a c e l l u l a r  l e v e l s  o f  th e  m e th y l  d ono r SAM (G arc ia  e t  a l . ,  1980; 
H ia t t  e t  a l . ,  1982).
Ribosomal p r o te in  S6 shows a very low l e v e l  of p h o sp h o ry la t io n  in  
Mucor y e a s t s  and in  sp o rang iospo res  ( l e s s  than  one mole of p h o s p h a te  
per mole of p r o t e i n ) .  When hyphal germ tubes  emerge from y e a s t  mother 
c e l l s  or from sw ollen  sporang iospores  p r o te in  s y n th e t ic  a c t i v i t y  i s  a t  
i t s  h i g h e s t  and S6 c a r r i e s  from  3 t o  4 c o v a l e n t l y  bound phosphate 
m o le c u le s  p e r  p r o t e i n  m o le c u le  ( L a r s e n  and S y p h e rd ,  1979 ; 1 9 8 0 ) .  
N o th in g  more has  been  s t u d i e d  in  Mucor o f  t h i s  phenomenon b u t  a 
r e l a t i o n s h i p  between the degree o f  S6 p h o sp h o ry la t io n  and the  hormonal 
in d u c t io n  of s p e c i f i c  gene p r o d u c t s  has  been n o te d  and s t u d i e d  in  
s e v e r a l  an im a l systems (Kruppa e t  a l . ,  1983; M artin -P erez  and Thomas, 
1983; M aile r  e t  a l . ,  1986). C yclic  AMP-specific p r o te in  k i n a s e s  have 
been found to  p lay  a  r o le  in  s e v e ra l  of th e se  sys tem s . I t  i s  p o s s ib le  
t h a t  th e  r o l e  of c y c l i c  AMP in  Mucor morphogenesis i s  as an e f f e c t o r  
of a p r o te in  k in a se  th a t  s p e c i f i c a l l y  p h o sphory la tes  ribosom al p r o te in  
S6. P asse ro n  Is  p r e s e n t ly  s tu d y in g  the  p r o p e r t i e s  of p r o t e i n  k i n a s e s  
and p h o sp h o p ro te in  phosphatases  in  Mucor (Moreno e t  a l . ,  1977; Moreno 
and P a s s e r o n ,  1980; P a s t o r !  e t  a l . ,  1981; M oreno  e t  a l . ,  1 9 8 3 ;  
S e i g e l c h i f e r  and P a s s e r o n ,  1984; 1 9 8 5 ) ,  bu t no one i s  s tu d y in g  the  
p o t e n t i a l  o f S6 as a d e v e lo p m e n ta l ly -s p e c i f ic  s u b s t r a t e .
The p o ly a m in e s  a r e  known t o  enhance  b o th  th e  amount and th e  
f i d e l i t y  o f  p r o t e i n s  s y n t h e s i z e d  in  v i t r o  (Abraham and P i h l ,  1981). 
A lso , b a c t e r i a l  m utants w ith  reduced l e v e l s  o f  p o ly a m in e s  make many 
m is t a k e s  in  p r o t e i n  s y n t h e s i s  i j i  v iv o  ( A l g r a n a t i  and G oldem berg ,
20
1977). R igh t a t  th e  time the  r a t e  of p r o te in  s y n t h e s i s  p eak s  d u r in g  
Mucor h y p h a l  development i n t r a c e l l u l a r  l e v e l s  of p u t r e s c in e  a l s o  r i s e  
t o  a  maximum ( G a r c i a  e t  a l . , 1 9 8 0 ) .  The l e v e l  o f  o r n i t h i n e  
d e c a r b o x y l a s e ,  w h ich  makes p u t r e s c in e ,  shows th e  same time course  of 
a c t i v i t y  ( I n d e r l i e d  e t  a l . ,  1 9 8 0 ) .  Sperm ine  and s p e r m id in e ,  in  
c o n t r a s t ,  do n o t  c h a n g e  i n  a m o u n ts  a t  t h i s  t i m e .  I t  h a s  been  
hypo th es ized  th a t  p u t r e s c in e  may a c t  as a s u b t le  r e g u la to r  o f  p r o t e i n  
s y n th e s is  during  Mucor morphogenesis (O rlow ski, 1986).
E l o n g a t i o n  f a c t o r - l a  (EF-lot) i s  found in  a l l  eukaryo tes  and, as 
th e  name s u g g e s ts ,  fu n c t io n s  In nascen t p o ly p e p t id e  c h a in  e l o n g a t i o n  
(Moldave, ^986). EF-lCt had been known as a phosphory la ted  p r o te in  but 
i t  was f i r s t  shown to  be v a r ia b ly  m ethy la ted  in  Mucor racemosus (H ia t t  
e t  a l . ,  1982). I t  has more r e c e n t ly  been documented as m ethy la ted  in  
o th e r  systems as w e l l  (F o n z i  e t  a l . ,  1 9 8 5 ) .  A n a ly s i s  by 2-D PAGE 
d e m o n s t r a t e d  t h a t  E F - la  r e p re s e n ts  the  most abundant of a l l  p r o te in s  
in  Mucor hyphae ( H ia t t  e t  a l . ,  1982). I t  i s  p r e s e n t  i n  much g r e a t e r  
amounts in  Mucor hyphae than in  y e a s ts  or sp o ran g io sp o res .  I t  i s  a l s o  
m uch  m o re  h i g h l y  m e t h y l a t e d  I n  h y p h a e  t h a n  i n  y e a s t s  o r  
sp o ra n g io sp o res ,  c o r r e l a t i n g  w ith  p r o te in  s y n t h e t i c  a c t i v i t y .  E F - la  
i s  a lm o s t  t o t a l l y  n o n - m e th y la te d  in  dorm ant sp o re s .  The degree of 
m e t h y la t i o n  i n c r e a s e s  c o n s i d e r a b l y  d u r in g  g e r m in a t io n  and h y p h a l  
o u tg r o w th ,  a t t a i n i n g  a maximum of approx im ate ly  n ine  mono-, d i - ,  or 
t r i - m e t h y l a t e d  l y s i n e  r e s i d u e s  p e r  E F - la  m o le c u le  i n  d e v e l o p i n g  
h y p h a e .  The a c t i v i t y  o f  E F - l a ,  d e sc r ib ed  in  terms of phen y la lan in e  
p o ly m e r iz e d  i n  v i t r o  on a  p o l y u r i d y l l i c  a c i d  t e m p l a t e ,  i n c r e a s e s  
sev en -fo ld  d u ring  hyphal development from sp o ran g io sp o res .  Using cDNA 
p ro b e s  i t  was determ ined th a t  th e  in c re a s e  in  f a c t o r  a c t i v i t y  happens
w ithou t any in c rease s  in  th e  amount of mRNA s p e c i f y i n g  E F - la  o r  in  
c o n c e n t r a t i o n  o f  E F - l a  p r o t e i n .  F a c t o r  a c t i v i t y  a p p e a r s  to  be 
r e g u l a t e d  e x c l u s i v e l y  by th e  l e v e l  of m e th y la t lo n  (F o n z i  e t  a l . ,  
1985). Again, using cDNA probes, Linz and Sypherd have shown th a t  a t  
l e a s t  th re e  d i f f e r e n t  genes a t  q u i te  d i s t i n c t  s i t e s  w i t h i n  th e  Mucor 
genome s p e c i f y  E F - l a  a c t i v i t y  (L in z  e t  a l . ,  1 9 8 6 ) .  These  show 
s u b s t a n t i a l  homology w ith  the  known gene from S acch a ro m y ces . I t  i s  
no t known i f  the  presence of t h i s  gene in  m u lt ip le  copies c a r r i e s  any 
d e v e lo p m en ta l  s i g n i f i c a n c e .  I n  f a c t ,  i t  i s  n o t  y e t  known i f  a l l  
c o p ie s  of th e  gene a r e  t r a n s c r i b e d  i n t o  mRNA (L in z  e t  a l . ,  1986). 
I n t r a c e l l u l a r  le v e ls  of SAM and SAM sy n th e ta se  were shown to  r i s e  and 
f a l l  in  d i r e c t  p ro p o r t io n  to  the  degree of EF-la  m e thy la tlon , the  r a t e  
of p ro te in  s y n th e s is ,  and the ex ten t  of hyphal development from y eas ts  
(G a rc ia  e t  a l . ,  1980; G a rc ia  and S y p h e rd ,  1984; I n d e r l i e d  e t  a l . ,  
1980) l e a d i n g  to  f o r m u la t io n  o f  t h e  h y p o t h e s i s  t h a t  a l l  t h e s e  
p a r a m e t e r s  may p l a y  r o l e s  i n t e r r e l a t e d  i n  a g lo b a l  mechanism 
re g u la t in g  Mucor morphogenesis (Orlowski, 1986).
Mucor Dimorphic Development from Sporangiospores
Assuming i t  i s  from a dimorphic s p e c ie s ,  the  Mucor sporangiospore  
may develop in to  e i t h e r  the y e a s t  or hyphal morphology (F ig s .  2 and 3) 
depending upon only the  n u t r i t i o n a l  and g a seo u s  e n v i ro n m e n ts .  The 
r e l a t i o n s h i p s  between environment and morphology a re  e x a c t ly  the  same 
as in  the  case  of v e g e t a t i v e  i n t e r c o n v e r s i o n s .  I n c u b a t i o n  of th e  
s p o re s  u n d e r  an a n a e r o b ic  a tm o sp h ere  in  th e  p r e s e n c e  of a hexose 
y ie ld s  y eas t  c e l l s ,  whereas the  presence of oxygen i n  th e  a tm o sp h ere  
In d u c e s  th e  developm ent of h y p h ae .  T h is  d u a l  p o t e n t i a l i t y  of the
Mucor spo rang iospo re  makes i t  very  r a r e ,  i f  n o t un ique , among th e  many 
and v a r ie d  m ic ro o rg a n is m s  s t u d i e d  as  d e v e lo p m e n ta l  s y s te m s .  T h is  
p r o p e r t y  may make i t  a more v a l id  model of metazoan development in to  
s p e c i a l i z e d  c e l l  t y p e s  t h a n ,  f o r  e x a m p l e ,  t h e  u n i d i r e c t i o n a l  
m o r p h o g e n e s i s  o b s e r v e d  i n  th e  commonly s t u d i e d  S acch a ro m y ces  o r  
B a c i l lu s  system s. I t  i s  a l so  much e a s i e r  to  o b t a i n  l a r g e  homogenous 
p o p u l a t i o n s  of th e  same c e l l  ty p e  a t  th e  same s ta g e  of development 
du ring  Mucor spore  germ ina tion  than  i t  i s  in  those  few popu la r  systems 
in  which d i f f e r e n t i a t i o n  i n t o  m u l t i p l e  c e l l  t y p e s  does  t a k e  p l a c e ,  
s u c h  a s  i n  t h e  s l i m e  m o ld  D i c t y o s t e l i u m  o r  t h e  n e m a to d e  
C a e n o rh a b d i t is .
Much work has  been  done on th e  d e v e lo p m en t o f  th e  c e l l  w a l l  
d u r in g  Mucor s p o r a n g i o s p o r e  d ev e lo p m en t i n t o  y e a s t s  o r  hyphae  by 
B a r tn ic k i -G a r c ia  and h i s  c o l l a b o r a t o r s .  The sp o ran g io sp o re  w a l l  i s  a 
s p e c i a l i z e d  s t r u c t u r e ,  l a r g e ly  p ro te in aceo u s  in  com position , t h a t  i s  
f r a c tu r e d ,  p e n e t r a te d  and shed by the  developing  v e g e ta t iv e  c e l l .  The 
v e g e ta t iv e  c e l l  w a ll  develops de novo during  g e r m in a t io n  b e n e a th  th e  
s p o r e  w a l l  and has e s s e n t i a l l y  th e  same chemical p r o p e r t i e s  in  y e a s ts  
and in  hyphae as I  have d e s c r i b e d  e a r l i e r  ( B a r t n i c k i - G a r c i a ,  1968; 
1973).
S t u d i e s  on t h e  m a c h i n e r y  and  p r o c e s s e s  of m a c ro m o le c u la r  
s y n th e s is  d u ring  Mucor s p o r a n g io s p o r e  d ev e lo p m en t have  m a in ly  been  
done i n  M. O r lo w sk i 's  la b o ra to ry  a t  LSU. The sp o rang iospo res  of Mucor 
racemosus were dem onstrated  to  possess  a poo l of s t a b l e  po ly ad en y la ted  
messenger RNA which i s  made d u ring  spore  fo rm ation  bu t i s  no t u t i l i z e d  
as a tem pla te  f o r  p r o t e i n  s y n th e s is  u n t i l  spore  dormancy i s  broken by 
exposure of th e  spores  to  n u t r i e n t  medium (Linz and O r lo w s k i ,  1 9 8 2 ) .
P r i o r  to  th e  i n d u c t i o n  of germ ination  most ribosomes a re  in  the  form 
of f r e e  in a c t iv e  40S and 60S subun its  (Orlowski and S y p h e rd ,  1 9 7 8 c ) .  
W ithin 10 min of spore in t ro d u c t io n  in to  n u t r i e n t  medium approxim ately 
85% of th e  r ib o so m es  have been r e c r u i te d  in to  polyribosomes a c t iv e ly  
engaged in  t r a n s l a t i o n  (Linz and Orlowski, 1982). RNA s y n t h e s i s  does 
n o t  ta k e  p l a c e  d u r in g  the  f i r s t  20 min of germ ination  and newly-made 
mRNA i s  n o t  a v a i l a b l e  f o r  t r a n s l a t i o n  u n t i l  a t  l e a s t  30 min have 
e l a p s e d .  A s u b s t a n t i a l  number of p ro te in s  a re  syn thes ized  from the  
s to re d  messenger RNA molecules during t h i s  period  (Linz and O r lo w s k i ,  
1982).
An a n a l y s i s  of th e  p r o t e i n s  made ^n  v iv o  during  form ation  and 
g e rm in a t io n  of Mucor s p o ra n g io s p o r e s  was c a r r i e d  o u t  by means of 
r a d i o i s o t o p i c  l a b e l l i n g ,  2-D PAGE, and a u to r a d io g r a p h y .  Linz and 
Orlowski (1984) determined th a t  the  popu la tion  of p ro te in s  made during 
form ation of the  spores d i f f e r  c o n s id e r a b ly  from th o s e  made d u r in g  
g e r m in a t io n  of th e  s p o r e .  S e v e ra l  p r o t e i n s  a r e  made during spore 
fo rm ation  but n o t  d u r in g  g e r m in a t io n .  On th e  o t h e r  h a n d , s e v e r a l  
p r o t e i n s  a r e  made d u r in g  the  f i r s t  30 min of germ ination  but a re  not 
m a n u fa c tu re d  d u r in g  sp o re  f o r m a t io n .  The l a t t e r  o b s e r v a t i o n  i s  
n o te w o r th y  i n  t h a t  th e  messenger RNA encoding th ese  p ro te in s  must be 
syn thes ized  and s to re d ,  ye t  no t t r a n s l a t e d ,  as th e  dorm ant sp o re  i s  
b e in g  a s s e m b le d .  A p o s t - t r a n s c r i p t i o n a l  re g u la to ry  mechanism th a t  
d i r e c t s  s e l e c t iv e  t r a n s l a t i o n  app aren tly  e x i s t s  in  the  maturing spore . 
Many p r o t e i n s ,  a l th o u g h  made th ro u g h o u t  g e r m in a t io n ,  show m a jo r  
changes in  the  in d iv id u a l  r a t e s  of t h e i r  s y n th es is  during  t h i s  p e r io d .  
At l e a s t  one p ro te in  was rep o r te d  to  be su b jec t  to p o s t - t r a n s l a t i o n a l  
m o d i f i c a t i o n  d u r in g  th e  i n i t i a l  h o u r  o f g e r m i n a t i o n  ( L in z  and
O rlowski, 1984).
M e s s e n g e r  RNA p o p u l a t i o n s  w e re  a n a l y z e d  i n  d o rm a n t  and  
germ inating  sporangiospores  of Mucor racem osus  by means o f  ^ n  v i t r o  
t r a n s l a t i o n ,  2-D PAGE, and au torad iography  (Linz and Orlowski, 1986). 
Genes expressed  in  the  form of mRNA molecules were compared w ith  gene 
p roducts  a c tu a l ly  appearing  in  th e  form of p ro te in  in  the  l iv in g  c e l l  
a t  v a r ious  s tag es  of development. I t  was found t h a t  i )  most of th e  
d i f f e r e n t i a l  gen e  e x p r e s s i o n  d i s p l a y e d  a t  th e  l e v e l  of p r o t e i n  
s y n t h e s i s  d u r in g  g e r m in a t io n  r e s u l t s  from c o n co m itan t  changes  in  
f u n c t i o n a l  mRNA l e v e l s ,  i i )  some of th e  s to re d  mRNA sp ec ie s  may be 
a c t i v a te d  and o th e rs  in a c t iv a te d  by p o s t - t r a n s c r i p t i o n a l  p r o c e s s in g  
m echan ism s, and i i i )  a s m a l l  p o p u l a t i o n  of gene p r o d u c t s  may be 
r e g u l a t e d  a t  th e  l e v e l  of s e l e c t i v e  t r a n s l a t i o n  of p r e - e x i s t i n g  
messages (Linz and Orlowski, 1986).
R a d i o i s o t o p i c a l l y - l a b e l l e d  In  v iv o  t r a n s l a t i o n  p ro d u c ts  were 
recovered  from Mucor racemosus s p o ra n g io s p o r e s  g e r m in a t in g  u n d e r  an 
a i r  o r  a n i t r o g e n  a tm o sp h e re  and were compared by means of 2-D PAGE 
and au to rad io g ra p h y  (L in z  and O r lo w s k i ,  1 9 8 5 ) .  The p o p u l a t i o n  of 
s t a b l e  p re - fo rm e d  m essen g er  RNA s p e c i e s  a v a i l a b l e  f o r  t r a n s l a t i o n  
w i th in  th e  f i r s t  30 min of germ ination  i s ,  of n e c e s s i ty ,  i d e n t i c a l  in  
each case .  Most of th e  p ro te in s  syn thes ized  w ith in  the f i r s t  hour of 
germ ination  a re  i d e n t i c a l  i n  th e  two s y s te m s .  However, t h e r e  i s  a 
s m a l l  number of p ro te in s  manufactured th a t  a re  unique to  each system. 
S yn thes is  of th ese  unique p ro te in s  c o n t in u e s  th ro u g h o u t  g e r m in a t io n  
and i s  c h a r a c t e r i s t i c  of th e  u l t i m a t e  v e g e t a t i v e  m orphology th a t  
develops . I t  i s  no t y e t  known w hether th e  o b se rv ed  d i f f e r e n c e s  a r e  
s p e c i f i c a l l y  l i n k e d  to  m orphology or to  a e r o b i c  v e r s u s  a n a e ro b ic
m e ta b o l i s m .  I n  e i t h e r  c a s e ,  i t  i s  c l e a r  t h a t  a t  l e a s t  some 
d i f f e r e n t i a l  gene e x p re s s io n  i s  re g u la te d  during  the  f i r s t  s tag e s  of 
germ ination  by s e le c t iv e  t r a n s l a t i o n  of a s p e c i f i c  subse t of the  t o t a l  
s e t  of pre-formed mRNA molecules s to re d  in  the  dormant sporang iospore . 
The Mucor sporangiospore  may m axim ize i t s  d e v e lo p m e n ta l  o p t io n s  by 
s t o r i n g  mRNA's e s s e n t i a l  to  th e  form ation of both y e a s ts  and hyphae 
but exp ress ing  only those a p p ro p r ia te  to  th e  m o rp h o g e n e t ic  seq u en ce  
d ic ta te d  by the  environment.
Messenger Ribonucleoprotein Particles
Perspective
The f i n d i n g s  by L in z  and O rlo w sk i (1982) t h a t  Mucor racemosus 
sporangiospores co n ta in  a la rg e  pool of s t a b l e  p re - fo rm e d  m essen g er  
RNA and t h a t  t h i s  mRNA does not re s id e  in  polyribosomes but ye t  must 
be i n s t a n t l y  a v a i l a b l e  f o r  i n c l u s i o n  i n t o  p o l y r i b o s o m e s  and  
u t i l i z a t i o n  in  th e  t r a n s l a t i o n  p rocess  prompted an in v e s t ig a t i o n  in to  
the  s i t e  of mRNA s to rag e  in  the  dormant s p o r e .  Any s u g g e s t i o n  t h a t  
mRNA's may be s t o r e d  f r e e  in  th e  c y to p la sm  o r  n o n - s p e c i f i c a l l y  
a s s o c ia te d  w ith  the  in n e r  face  of the rough endoplasmic re ticu lu m  must 
be r e je c te d  s in ce  i t  has become c le a r  over the  y e a r s  t h a t  no n u c l e i c  
a c i d  e x i s t s  as a naked m o le c u le .  R ather,  th e se  lengthy  po lyan ion ic  
m olecules a re  normally a s so c ia te d  w ith  a number of s p e c i f i c  p r o t e i n s .  
These a re  commonly b as ic  p ro te in s  or p ro te in s  w ith  major b a s ic  domains 
( S a e n g e r ,  1 9 8 4 ) .  The h i s t o n e  p r o t e i n s  a s s o c ia te d  w ith  DNA in  very 
s p e c i f i c  s p a t i a l  r e l a t i o n s h i p s  w i t h i n  nuc leosom e s u b u n i t s  of th e  
e u k a ry o tic  chromosome (Kornberg, 1974) and the  f iv e  dozen or so unique 
p r o t e i n s  bound to  s p e c i f i c  r e g io n s  of f o u r  p a r t i c u l a r  RNA spec ies
w ith in  the  la rg e  and sm all s u b u n i ts  of the  ribosom e (W ittm an n , 1983; 
L a k e ,  1985) a r e  th e  b e s t  known e x a m p le s .  Without t h e i r  p r o t e c t i v e  
co a t in g  of p r o t e i n s ,  n u c l e i c  a c i d s  would be h y d r o ly z e d ,  c e r t a i n l y  
i r r e p a r a b l y  damaged, w i th in  m inutes by the  u b iq u i to u s  n u c leases  found 
w i t h i n  l i v i n g  c e l l s .  Being s i n g l e  s t r a n d e d ,  RNA i s  e v e n  m ore  
s u s c e p t ib le  to  damage by n u c le o ly t i c  c leavage than  DNA.
The mRNA i n  Mucor s p o r a n g io s p o r e s  i s  no t s to re d  in  a s s o c i a t i o n  
w ith  80S monoribosomes, fo r  t h i s  f r a c t i o n  o f  r ib o s o m a l  p a r t i c l e s  i s  
v e r y  sm a l l  (L in z  and Orlow ski, 1982) o r  com ple tely  la ck in g  (Orlowski 
and Sypherd, 1978c) in  th e se  sp o re s .  Most of the  ribosomes a re  in  the  
form of 40S and 60S s u b u n i t s .  One p o s s i b i l i t y  t h a t  e x i s t e d  b e f o r e  
t h i s  p r o j e c t  was perform ed was th a t  the  s t a b l e  mRNA i s  s to re d  in  40S 
ribosom al i n i t i a t i o n  complexes. This  model m ight have e x p la i n e d  th e  
e x t r e m e ly  ra p id  m o b i l iz a t io n  of pre-form ed mRNA's in to  polyribosom es. 
A l l  t h a t  m ig h t  be n e c e s s a r y  to  i n i t i a t e  t r a n s l a t i o n  c o u ld  be th e  
jo in in g  of 60S su b u n its  in to  the  complex (o r  l i f t i n g  an i n h i b i t i o n  to  
Buch an e v e n t ) .  As w i l l  be made c l e a r  in  the  r e s u l t s  of t h i s  s t u d y ,  
t h i s  model was shown to  be f a l l a c i o u s .  The major a l t e r n a t i v e  s i t e  of 
mRNA s to ra g e  in  Mucor spo rang iospores  would have to  be th e  m esse n g e r  
r i b o n u c l e o p r o t e i n  p a r t i c l e s  (mRNP's) f i r s t  d e sc r ib e d  in  th e  1960 's  by 
th e  Russians Georgiev (Samarlna e t  a l . ,  1965) and S p i r i n  ( S p i r i n  e t  
a l . ,  1965).
General Properties of Ribonucleoprotein Particles
D e s p i t e  i n i t i a l  r e s i s t a n c e  to  and s k e p t ic ism  of the  concept of 
mRNP's, t h e s e  s t r u c t u r e s  have been  d e s c r i b e d  i n  many d i f f e r e n t  
b i o l o g i c a l  sy s te m s  ( S p i r i n ,  1969; Spohr e t  a l . ,  1970; B lo b e l ,  1972;
Lindberg and Sundquis t,  1974; Kumar and Pederson, 1975; M irk e s ,  1977; 
J a w o r s k i  and  S t u m h o f e r ,  1 9 8 1 ) .  I n  f a c t ,  s e v e r a l  c l a s s e s  of 
r ib o n u c le o p ro te in  p a r t i c l e s  (RNP’ s )  have  come to  be d i f f e r e n t i a t e d  
d e p en d in g  upon th e  r o l e s  th e y  p la y  in  th e  complex p ro cess  of mRNA 
m atu ra tion  in  eu k ary o tic  c e l l s .
Following i t s  i n i t i a l  sy n th e s is  by t r a n s c r i p t i o n ,  eu k a ry o tic  mRNA 
must be e x te n s iv e ly  a l t e r e d  before  i t  can be t r a n s l a t e d .  E u k a r y o t i c  
genes  c o n ta i n  many i n t r o n s ,  o r  in te rv e n in g  sequences of n u c le o t id e s  
not coding fo r  any g en e tic  in fo rm atio n , in te r s p e r s e d  th ro u g h o u t  t h e i r  
l e n g t h .  These i n t r o n s  a re  t r a n s c r ib e d  in to  the  form of RNA and must 
be cu t o u t .  The primary RNA t r a n s c r i p t s  s t i l l  c a r r y i n g  th e  i n t r o n s  
a r e  c a l l e d  h e te r o g e n e o u s  n u c l e a r  RNA's (HnRNA's). HiiRNA's a lready  
c a r ry  a complement of many s p e c i f i c  p ro te in s  and such  com plexes have 
been  d e s c r ib e d  as HnRNP's (M artin  e t  a l . ,  1980; Nevins, 1983; P adgett 
e t  a l . ,  1986).
Severa l th in g s  must be done to  th e  HnRNP's b e fo re  th e y  become 
mRNP’s .  F i r s t ,  the  in t ro n s  must be cut ou t.  This i s  accomplished by 
base  p a i r i n g  of s p e c i f i c  p i e c e s  of s m a l l  n u c l e a r  RNA m o l e c u l e s  
(SnRNA’s )  to  sh o r t  complementary n u c leo t id e  sequences on both s id es  of 
th e  i n t r o n  fo rm ing  a " l a r i a t "  s t r u c t u r e .  The l a r i a t ,  co n ta in in g  the  
i n t r o n ,  i s  cut out by s p e c i f i c  endonucleases and th e  open ends of the  
pre-mRNA a r e  s p l ic e d  back to g e th e r  by ano ther s p e c i f i c  l ig a s e  enzyme. 
The SnRNA’s a re  not naked n u c le ic  a c id s ,  but a re  complexed to  s p e c i f i c  
p r o te in s ,  some of which may have  s p e c i f i c  RNA c u t t i n g  and s p l i c i n g  
a c t i v i t i e s  (Busch e t  a l . ,  1982a,b; Wooley e t  a l . ,  1982; Chabot e t  a l . ,
1 9 8 5 ) .  These  com plexes a r e  c a l l e d  s m a l l  n u c lea r  r ib o n u c le o p ro te in  
p a r t i c l e s  (SnRNP’s ) .  The in t ro n s  a re  c a r r ie d  o f f  by th e  SnRNP1 s and
p re su m ab ly  d eg rad ed  to  t h e i r  n u c l e o t i d e  com ponen ts . SnRNP's a re  
sm alle r  (approxim ately  10-12S) than  mRNP's and la ck  the  p o l y a d e n y l l i c  
a c id  t a i l s  of th e  l a t t e r  which he lp  in  t h e i r  p u r i f i c a t i o n .  The term 
" s p l ic e o s o m e "  has  r e c e n t l y  come i n t o  u s e  to  d e s i g n a t e  a 60S RNP 
comprising a complex of an SnRNP and an HnRNP in  the  p rocess  of in t r o n  
e x c i s i o n  and exon l i g a t i o n  (Brody and A b e lso n ,  1985; P ik ie ln y  and 
Rosbash, 1986). SnRNP’ s were not c o l le c te d  or c h a r a c t e r i z e d  in  t h i s  
s tudy .
A f t e r  e x c i s io n  of in t ro n s  from HnRNA w ith in  the  HnRNP's both the
5 ' and 3 '  ends of th e  RNA m o le c u le  must be m o d i f i e d .  A 7 -m e th y l
guanoslne 5 ' - t r ip h o s p h a te  moeity i s  added in  a 5 ' - 5 '  l inkage  to  the  5 '
end of th e  RNA s t r a n d .  A c h a in  of polyadeny l l i c  ac id  approxim ately
200 re s id u es  in  len g th  i s  added to  th e  3 '  end of th e  RNA m o le c u le .
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T here  may be one o r  two m e th y la t io n s  of in t e r n a l  adenines a t  the N 
p o s i t io n  of the  purine  r in g .  With these  a l t e r a t i o n s  m a tu ra t io n  of the  
HnRNA in to  mRNA is  completed. Most (>70%) HnRNA's th a t  do no t mature 
in to  mRNA's a re  not po lyadeny la ted . Conversely most (>70%) mRNA's a re  
p o l y a d e n y l a t e d . T h is  p ro v id e s  f o r  a c o n v e n ia n t  way of i s o l a t i n g  
m a tu re  mRNA's o r  mRNP's w i th  th e  u se  of o l i g o ( d T ) - c e l l u l o s e  o r  
po ly(U )-sepharose.
F u r t h e r  d i s t i n c t i o n  betw een  HnRNP's and mRNP's can be made in  
animal c e l l s  wherein i t  i s  r e l a t i v e l y  easy  to  i s o l a t e  i n t a c t  n u c l e i  
and c y to p la s m ic  f r a c t i o n s .  HnRNP's a r e  found o n ly  in  the  nucleus 
w hereas mRNP's a r e  in  b o th  th e  n u c le u s  and th e  c y to p la sm , in  th e  
l a t t e r  c a se  b e in g  m a in ly  a s s o c i a t e d  w i th  p o ly r ib o so m e s .  Since in  
Mucor sporangiospores we cannot g en tly  break open the  c e l l s  to  recover 
i n t a c t  n u c le i  and s in ce  polyribosomes a r e  t o t a l l y  a b s e n t  from th e s e
c e l l s ,  we la c k  the  c r i t e r i a  to  make a  d i s t i n c t i o n  between HnRNP's and 
mRNP's. H ow ever, s i n c e  most HnRNP's t h a t  a r e  p o l y a d e n y l a t e d  a r e  
m a in ly  an im m ature  form  of siRNP's, and s in ce  th e r e  a re  thought to  be 
no s y n th e t i c  p ro c e sses  going on i n  th e  dormant sp o ran g io sp o re ,  perhaps 
HnRNP's a r e  a b s e n t  from  Mucor s p o r a n g i o s p o r e s .  I f  t h e r e  i s  a 
s i g n i f i c a n t  amount of pre-mRNA s to re d  in  the  form of HnRNP's t h a t  a re  
no t y e t  po ly ad en y la ted  i t  w i l l  u n f o r tu n a te ly  no t be r e c o v e r a b le  u s in g  
o l i g o ( d T ) - c e l l u l o s e . T h e re fo re ,  one must c au t io n  th a t  i t  may no t be 
p o s s ib le  to  reco v er  a l l  g e n e t ic  in fo rm a t io n  s to re d  in  the  form of RNA 
f r o m  M ucor s p o r a n g i o s p o r e s  n o r  w i l l  a l l  r e c o v e r a b l e  m a t e r i a l  
n e c e s s a r i l y  be d e s t in e d  fo r  e x p re s s io n  by th e  d e v e lo p in g  c e l l .  The 
same c a v e a t s  h o ld  t r u e  fo r  a l l  systems h e re to fo re  s tu d ie d ,  no m a tte r  
how "c lean"  they  a re  thought to  be.
The p r o t e in  components o f  mRNP's a r e  th o u g h t  to  p e r fo rm  t h r e e  
p o t e n t i a l  fu n c t io n s :  i )  to  p r o t e c t  the  mRNA from n u c lea se  a t t a c k ,  i i )
to  t r a n s p o r t  the  mRNA from the  nuc leus  v ia  the  n u c le a r  pores  onto the  
cy top lasm ic  face  of the  rough endoplasmic re t ic u lu m  membrane, and i l l )  
t o  e x e r t  r e g u l a t i o n  o f  gene e x p r e s s i o n  by f a c i l i t a t i n g  o r  d en y in g  
e n t r y  of t h e  mRNA i n t o  an i n i t i a t i o n  com plex w i t h  a  40S ribosom al 
s u b u n i t .  R eg u la t io n  might a l s o  be e f f e c t e d  by e s t a b l i s h i n g  w h e th e r  
t h e  i n i t i a t i o n  com plex  w i l l  be made w i t h  a f r e e  o r  membrane-bound 
ribosome—a le v e l  of c o n t ro l  t h a t  may precede e x p r e s s i o n  of a  s i g n a l  
p e p t i d e  ( B l o b e l ,  1 9 7 7 ) .  R o le s  i )  and i i )  a r e  a l l  bu t c e r t a i n t i e s ;  
r o le  i i i )  i s  more s p e c u la t iv e  a t  t h i s  tim e.
Physicochemical Properties of RNP's from Animal CellB
N early  a l l  of th e  e x i s t i n g  l i t e r a t u r e  on th e  s u b j e c t  o f  RNP's
d e a l s  w i th  t h e s e  s t r u c t u r e s  as they a re  i s o la t e d  from animal c e l l s .  
Very l i t t l e  in fo rm ation  e x i s t s  w i th  r e g a r d  to  RNP's from p r o to z o a ,  
p l a n t s ,  o r  f u n g i .  The main re a s o n  f o r  t h i s  has  to  do w i th  th e  
r e l a t i v e  ease  of ru p tu r in g  an im a l  c e l l s  and r e l e a s i n g  th e  i n t e r n a l  
s t r u c t u r e s  r e l a t i v e l y  undamaged and unchanged. As suggested in  the  
p rev ious  s e c t io n ,  RNP's a re  q u i te  d i f f e r e n t i a t e d  w i th  r e s p e c t  to  th e  
s u b c e l lu la r  f r a c t io n  from which they  a re  i s o l a t e d .  I t  has not proven 
easy to  recover undamaged n u c le i ,  p o ly r ib o so m e s  o r  membrane-bounded 
i n t e r n a l  o r g a n e l l e s  from c e l l s  w i th  a t h i c k ,  r i g i d  o u te r  w a l l .  I f  
th e se  c e l l  f r a c t io n s  can be r e c o v e re d  f o l l o w in g  o s m o tic  r u p t u r e  of 
p r o t o p l a s t s  g e n e r a t e d  w i t h  w a l l  l y t i c  enzym es, th ey  a r e  o f t e n  
s u b s t a n t i a l l y  a l t e r e d  d u r in g  th e  long p e r io d  of i n c u b a t i o n  u n d e r  
co n d it io n s  c e r t a in ly  s t r e s s f u l  and probably damaging to  the  c e l l .  The 
RNP's housed  i n  t h e s e  v a r io u s  c e l l u l a r  lo c a t io n s  a re  h ig h ly  dynamic 
s t r u c t u r e s  w i th  th e  RNA c o n te n t  in  p a r t i c u l a r  b e in g  s u b j e c t e d  to  
e x c i s i o n s ,  s p l i c i n g s ,  c h e m i c a l  m o d i f i c a t i o n s ,  t r a n s l a t i o n  and 
deg rad a tio n ,  the  complete seq u en ce  of w hich can o c c u r  on a s m a l l e r  
t im e  s c a l e  th a n  can d i g e s t i o n  of the  c e l l  w a l l .  Furtherm ore, as we 
f in d  even in  work w ith an im al s y s te m s ,  th e  mRNA s e q u e s t e r e d  w i t h i n  
RNP’ s l o s e s  much of i t s  p ro te c t io n  and becomes h ig h ly  s u s c e p t ib le  to  
n u c l e o l y t i c  c le a v a g e  once th e  c e l l  i s  b r o k e n  o p e n  o r  s e v e r e l y  
pe rtu rbed  p h y s io lo g ic a l ly .
T h a t  t h e  e u k a r y o t i c  c e l l  h a s  a h i g h  d e g r e e  o f  i n t e r n a l  
o rg a n iz a t io n  and i s  not j u s t  a membrane bounded s o l u t i o n  of f r e e l y  
d i f f u s i b l e  molecules ( i . e . ,  a "bag of enzymes") i s  a le sso n  c o n s ta n t ly  
underscored  by the  l a t e s t  o b se rv a t io n s .  A pparently  mRNA experiences  a 
p r o f o u n d l y  c h a n g in g  bu t s t r i c t l y  d e f in e d  m i l l l e u  of s t r u c t u r a l
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p r o t e in s ,  enzymes, and o th e r  molecules as i t s  odyssey through the  c e l l  
u n fo ld s .  Exposure of BNP’s to  In a p p ro p r ia te  n u c lea ses  d i s p l a c e d  from 
t h e i r  p r o p e r  c y to lo g ic a l  n iche  in  the  course  of c e l l  d i s r u p t io n  seems 
to  in e v i t a b ly  n ick  t h e i r  RNA. Even in  anim al system s, i t  i s  g e n e ra l ly  
th e  excep tio n  to  be ab le  to  i s o l a t e  i n t a c t ,  in  v i t r o - t r a n s l .a t a b le  mRNA 
from p u r i f i e d  n a t iv e  RNP’ s .  Nor can one r e c o v e r  t r a n s l a t a b l e  mRNA 
from  p u r i f i e d  mRNP's f ix e d  w ith  formaldehyde or g lu ta ra ld e h y d e  as i s  
done to  reco v er  the  s t r u c tu r e s  in  CsCl g ra d ie n ts  ( S p i r in ,  1969; M artin  
e t  a l . ,  1980). Most of our knowledge of mRNA p ro cess in g  in  eukaryo tes  
was gained u s in g  RNA sam p les  p h e n o l  e x t r a c t e d  d i r e c t l y  from  w hole  
c e l l s  or i s o l a t e d  n u c le i ,  no t from RNP's (M artin  e t  a l . ,  1980).
F or th e  r e a s o n s  e l u c i d a t e d  a b o v e ,  m ost a n a l y t i c a l  s tu d i e s  of 
animal RNP's have focused  no t upon t h e i r  RNA component but m ainly upon 
t h e i r  p r o te in  c o m p o s i t io n ,  s h a p e ,  s i z e ,  b o u y an t d e n s i t y  and o t h e r  
p h y s ic o c h e m ic a l  p r o p e r t i e s .  The l i t e r a t u r e  in  th e se  reg a rd s  i s  t r u l y  
a ju n g le  of numbers. The v a r i a b i l i t y  of most m easured  p a r a m e te r s  i s  
h ig h  b o th  w i t h i n  a s i n g l e  sy s te m  and among d i f f e r e n t  system s. This 
g re a t  v a r i a b i l i t y  of r e p o r t e d  r e s u l t s  u n d o u b te d ly  a c c o u n t s  f o r  th e  
d i s p a r i t y  one o f t e n  n o te s  in  tex tbook d e s c r ip t io n s  of RNP's (Thorpe, 
1984; Becker, 1986; Lewin, 1984; S h ee le r  and B ia n ch i ,  1983). However, 
i f  one g ives  credence to  th e  hyp o th es is  th a t  the  p r o te in  components of 
RNP's may se rve  to  r e g u la te  ex p ress io n  of th e  mRNA component of th ese  
o rg a n e l le s ,  one might expect to  see a  s i g n i f i c a n t  h e te ro g e n e i ty  in  the  
p r o t e i n  make-up and o th e r  corresponding  p r o p e r t i e s  of th e  p a r t i c l e s .  
A f t e r  a l l ,  even  a  s t r u c t u r e  a s  u n i v e r s a l  i n  i t s  f u n c t i o n  and  
o r g a n i z a t i o n  as th e  r ib o so m e  shows n o te w o r th y  d i v e r s i t y  b e tw een  
e u k a r y o t i c  s p e c i e s  and a p p a r e n t  h e t e r o g e n e i t y  w i t h i n  a  s p e c i e s
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(B ie lk a ,  1982).
I n  s p i t e  of th e  wide v a r i a n c e  in  d a ta  r e p o r te d ,  a g en e ra l iz ed  
p i c t u r e  of RNP's from  an im a l sy s tem s  has  been q u i t e  c o n v in c i n g ly  
•p re s e n te d  (M a r t in  e t  a l . ,  1980). There a re  s e v e ra l  d i s t i n c t  c la s s e s  
of RNP's, most of which were le s s  fo rm ally  a l luded  to  e a r l i e r  in  t h i s  
d i s s e r t a t i o n .  The e a s i l y  r e c o g n iz e d  c l a s s e s  a re :  i )  HnRNP's, i i )
SnRNP's, i i i )  S p l i c e o s o m e s , i v )  p o l y ( A ) N P 's ,  v )  cmRNP' s ( f r e e  
c y to p la s m ic  mRNP's), and v i )  pmRNP' s (p o ly r ib o s o m a l  mRNP's). The 
f i r s t  th re e  forms of RNP's e x i s t  s o l e l y  in  th e  n u c le u s  w hereas  th e  
l a t t e r  two i n h a b i t  o n ly  t h e  c y to p la s m .  Based on th e  p r e v io u s  
re g u la to ry  arguments, one should expec t to  see  h e t e r o g e n e i t y  w i t h i n  
the  l a t t e r  two of th ese  p a r t i c l e s  and, in  f a c t ,  d iv e r s i t y  i s  observed 
w i th in  both the  RNA and p r o t e i n  com ponents of a l l  t h e s e  s t r u c t u r e s  
found in  a given organism. An a d d i t io n a l  reason fo r  h e te ro g en e i ty  may 
be accounted fo r  by the  f a c t  th a t  HnRNP' s a re  e v en tu a l ly  converted to 
cmRNP's and pmRNP's and in te rm ed ia te  forms may p e r s i s t  long enough to  
tu rn  up in  p u r i f i e d  RNP p re p a ra t io n s .
As r e l a t e d  in  th e  p rev io u s  s e c t io n ,  HnRNP's r e p re se n t  the  f i r s t  
in c a rn a t io n  of mRNA, being formed w ith in  the  nucleus as t r a n s c r i p t i o n  
y e t  p r o c e e d s .  T hese  s t r u c t u r e s  v a ry  from about 30S to  45S in  s iz e  
(M artin  e t  a l . ,  1980). V a r i a t i o n s  in  th e  l i t e r a t u r e  v a lu e s  of th e  
s e d im e n ta t i o n  c o e f f i c i e n t s  of t h e s e  s t r u c t u r e s  a r e  re p o r te d ly  not 
merely the  r e s u l t  of im p re c is e  m easu rem en ts .  S im ply  p e l l e t i n g  and 
resuspending HnRNP's from mouse tumor c e l l s  a l t e r s  t h e i r  sed im en ta tion  
c o e f f i c i e n t  from 34S to  40-45S (M artin  and McCarthy, 1972; B i l l i n g s ,  
1979). Mild r ib o n u c lease  trea tm en t a l s o ,  p a ra d o x ic a l ly ,  in c re a se s  the  
value  of t h i s  param eter (S tevenin  e t  a l . ,  1976; 1 9 7 7 ) .  HnRNP's a r e
c l a s s i c a l l y  i s o l a t e d  in  CsCl g r a d i e n t s  f o l lo w in g  f i x a t i o n  w ith  an 
a ldehyde. They d i s p l a y  bouyant d e n s i t i e s  in  CsCl of 1 .3 9 - t o - 1 . 4 3  
gm/cc and c o n t a i n  75-80% p r o t e i n  and 20-25% RNA by one e s t i m a t e  
( S p i r in ,  1969) and 85-90% p r o te in  by o th e r  e s t im a te s  (H am ilto n ,  1971; 
B i l l i n g s  and M a r t in ,  1978). Attempts to  recover th e se  s t r u c tu r e s  in  
d e n s i ty  g ra d ie n ts  of th e  n o n - io n ic ,  non-denaturing  s o lu te  m e tr iz a m id e  
have g iv e n  mixed r e s u l t s ,  i n c l u d i n g  p a r t i c l e  d i s s o c ia t io n  (Karn e t  
a l . ,  1977; G atton l e t  a l . ,  1977). As i s o l a t e d ,  t h e s e  com plexes a r e  
th o u g h t  to  c o n t a i n  700-1000 n u c le o t id e s  of RNA and approxim ately 10^ 
d a lto n s  of p r o te in ,  however, th e re  i s  sometimes g r e a t  d e p a r t u r e  from 
t h e s e  v a l u e s .  The le n g th  of RNA i s o la te d  from HnRNP's may sometimes 
approach  1000 n u c l e o t i d e s  (S am arin a  e t  a l . ,  1968) a l th o u g h  i t  i s  
u s u a l l y  much s m a l l e r ,  commonly on th e  o r d e r  of 50-100 n u c le o t id e s  
(Kinniburgh and M artin , 1976).
Evidence s u g g e s t s  t h a t  th e  30-45S p a r t i c l e s  may be i d e n t i c a l  
s u b u n i t s  of a much l a r g e r  a g g r e g a te  s t r u c t u r e  w ith  a sed im en ta tion  
c o e f f i c i e n t  on the  o rder  of 200S (M artin  e t  a l . ,  1 9 8 0 ) .  A lth o u g h  i t  
c an n o t  be r e c o v e re d  i n t a c t ,  i t  i s  th o u g h t  t h a t  th e  RNA i n  t h e s e  
massive s t r u c tu r e s  r e p re s e n ts  the  HnRNA (pre-raRNA) before  e x c i s i o n  of 
in t r o n s  and s p l i c in g  of exons. The po lyadeny la te  t a i l s  a re  not found 
in  t h i s  s t r u c tu r e  but app aren tly  r e s id e  w i th in  the  nucleus in  s ep a ra te  
15S RNP p a r t i c l e s  [poly(A)NP' s ] u n t i l  th e y  a re  l i g a t e d  to  th e  mRNA 
j u s t  p r io r  to  i t s  export from the  nu c leu s .  A very sm all percentage  of 
HnRNA's e v e r  r e c e i v e  poly(A) t a i l s  so HnRNP's cannot be recovered by 
b inding  to  o l ig o ( d T ) -c e l lu lo s e .
Although HnRNA cannot be recovered i n t a c t  from i s o l a t e d  HnRNP's 
t h e r e  i s  p l e n t y  of i n d i r e c t  e v id e n c e  to  c o n c lu d e  t h a t  th e  HnRNA
e x tra c te d  d i r e c t l y  from n u c le i  w ith  phenol does r e s id e  in  the  HnRNP’s .  
I t  i s  s im i la r  to  c e l l u l a r  DNA in  base c o m p o s i t io n  and h y b r i d i z e s  to  
homologous DNA in  a manner s i m i l a r  to  p u l s e - l a b e l l e d  HnRNA (Parsons 
and McCarthy, 1968). The k in e t i c s  of s y n t h e s i s  and t u r n o v e r  of th e  
p u l s e - l a b e l l e d  RNA of 30-45S HnRNP's a r e  c o n s i s t e n t  w i th  v a lu e s  
o b ta in e d  f o r  HnRNA (M a r t in  and M cCarthy, 1 9 7 2 ) .  H y b r i d i z a t i o n -  
com petltlon  experiments show th a t  p u l s e - la b e l le d  RNA of 30-45S HnRNP's 
c o n ta i n  n u c leu s  r e s t r i c t e d  sequences (M artin and McCarthy, 1972). In  
f a c t ,  experiments in  which 30-45S HnRNP-RNA has been h y b r id i z e d  w i th  
cDNA t r a n s c r i b e d  from c y to p la s m ic  p o ly a d e n y la te d  mRNA suggest th a t  
only 5-10% of HnRNP-RNA i s  homologous to  cy top lasm ic  mRNA but th a t  a l l  
mRNA sequences a r e  r e p r e s e n t e d  i n  n u c l e a r  HnRNP's (K in n ib u rg h  and 
M a r t in ,  1976). These r e s u l t s  a re  c o n s is te n t  w ith  the  hypo thesis  th a t  
m ost of th e  HnRNA i s  s e q u e s t e r e d  i n  HnRNP's b u t  o n ly  a s m a l l  
p e r c e n t a g e  i s  p r o c e s s e d  to  mRNA. L a b e l l i n g  o f  H nRNP's w i th  
r a d i o a c t i v e  RNA p r e c u r s o r s  i s  p re v e n te d  by i n h i b i t o r s  o f  HnRNA 
s y n t h e s i s ,  such as a - a m a n i t in  (Stunnenberg e t  a l . ,  1978), but no t by 
I n h i b i t o r s  of rRNA s y n t h e s i s ,  s u c h  a s  a c t i n o m y c i n  D a t  low  
c o n cen tra t io n  (Pederson, 1974).
The p r o t e i n  c o m p o s i t io n  of HnRNP's i s  h ig h ly  v a r ia b le  depending 
upon the  b io lo g ic a l  source and d isp la y s  h e te ro g en e i ty  w i th in  a s i n g l e  
s o u rc e  e v id e n c e d  by th e  r a t i o s  of s p e c i f i c  p r o te in s .  From 4 to  12 
p o ly p e p t id e s  i n  th e  s i z e  ra n g e  of 3 5 ,0 0 0 -  t o  4 0 ,0 0 0 - d a l t o n s  a r e  
g e n e r a l l y  a s s o c i a t e d  w i th  30-45S HnRNP's ( M a r t in  e t  a l . ,  1979; 
B i l l in g s  and M artin , 1978; Karn e t  a l . ,  1977). The m a jo r i ty  of th ese  
p ro te in s  a re  m ild ly  b a s ic  and have p i ' s  in  the  range of 8-9 ( B i l l i n g s ,
1 9 7 9 ) .  The r e l a t i v e  s t o i c h i o m e t r y  of t h e s e  p r o t e i n s  v a r i e s  from
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t i s s u e  to  t i s s u e  and w i th  th e  p h y s i o l o g i c a l  s t a t e  of th e  t i s s u e  
( B i l l i n g s ,  1 9 7 9 ) .  Amino a c id  a n a ly s e s  of these  p ro te in s  show th a t  
they  a re  a l l  r e l a t i v e l y  h igh  in  g lyc ine  and low in  c y s te in e .  Unusual 
amino a c id s  a r e  p r e s e n t ,  p a r t i c u l a r l y  d im e th y la rg in in e  (B i l l in g s  and 
M artin , 1978). I t  has been suggested th a t  these  p ro te in s  may be from 
a c l o s e l y  r e l a t e d  gene fam ily  and may p lay  a s t r u c t u r a l  ro le  s im i la r  
to  h l s t o n e s  in  th e  nuc leosom e (M a r t in  e t  a l . ,  1 9 8 0 ) .  P r o t e i n s  
i s o la t e d  from la r g e r  HnRNP aggregates  re so lv e  in to  50 or more bands of
1 0 .0 0 0 -  to  2 0 0 ,0 0 0 -d a l to n s  upon sodium d o d ecy lsu lfa te -p o ly ac ry lam id e  
g e l  e l e c t r o p h o r e s i s  (SDS-PAGE) (P e d e r s o n ,  1 9 7 4 ) .  T i s s u e - s p e c i f i c  
p a t te r n s  a re  observed; however, contam ination w ith  ex traneous p ro te in s  
i s  fea red  because of the  way the  HnRNP*s a re  p repared  (M artin e t  a l . ,
1980). The poly(A)NP's a re  rep o r ted  to  co n ta in  f iv e  major p ro te in s  of
57 .000 - , 63 ,000 - , 86 ,000-, 120,000-, and 140,0 0 0 -d a lto n s  ( B i l l in g s  and 
M artin , 1978) or two po lypep tides  of 74,000- and 8 6 ,0 0 0 -d a l to n s  (K ish  
and Pederson, 1977) depending upon the  s tudy .
B a se d  upon  im m unochem ical s t u d i e s ,  i t  can be s a i d  t h a t  th e  
p ro te in s  of HnRNP’s a re  never found in  the  cytoplasm. The cmRNP's and 
pmRNP's do no t cross  r e a c t  w ith  a n t i s e r a  r a is e d  a g a in s t  p r o t e i n s  from 
HnRNP * s (M a r t in  e t  a l . ,  1 9 7 9 ) .  Thus th e re  appears to  be a complete 
exhange of RNP p ro te in s  a t  some p o in t  during  the  m a tu ra tion  of mRNA or 
i t s  t r a n s p o r t  through the  n u c lea r  membrane.
E le c tro n  m icroscopic  observa tions  have been made of RNP's on both 
s id e s  of the  n u c lea r  membrane and in  th e  p r o c e s s  of t r a v e r s i n g  th e  
membrane th ro u g h  th e  n u c l e a r  p o re s .  There i s  a c l e a r  change in  the  
u l t r a s t r u c t u r e  of th ese  p a r t i c l e s  upon making t h i s  j o u r n e y .  I n  th e  
i n s e c t  Chironomus te n ta n s  t r a n s c r i p t s  of the  B a lb ian i r in g  (BR) genes
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a re  packed i n to  a  s e r i e s  of w e l l -d e f in e d  r ib o n u c le o p ro te in  s t r u c t u r e s  
of in c re a s in g  com plexity : a 10-nm f i b e r ,  a 19-nm f i b e r ,  a 26-nm f i b e r  
and a 50-nm g ra n u le .  The b a s ic  10-nm element i s  r e v e a l e d  in  " M i l l e r  
s p re a d s ."  The in  s i t u  s t r u c t u r e  of the  t r a n s c r i p t i o n  p roducts  and RNA 
compaction e s t im a te s  suggested  th a t  th e  10-nm f i b e r  i s  packed in to  th e  
19-nm f i b e r  as  a t i g h t  c o i l .  The t r a n s i t i o n  of the  19-nm f i b e r  in to  
the  26-nm f i b e r  i s  accompanied by a m a jo r  change o f th e  b a s i c  10-nm 
f o l d  i n t o  a n o n - c o i l e d  s t r u c t u r e .  F in a l ly ,  th e  26-nm f i b e r  makes a 
one and o n e - th i r d  le f t -h a n d e d  tu rn  forming th e  f i n a l  p r o d u c t ,  th e  BR 
g r a n u l e .  Upon t r a n s l o c a t i o n  th rough th e  n u c le a r  pore th e  BR g ran u le  
becomes rod -sh ap ed , which most l i k e l y  co rre sponds  to  a r e l a x a t i o n  of 
th e  h i g h e s t - o r d e r  s t r u c t u r e  i n t o  a s t r a i g h t  26-nm f i b e r  (Skoglund e t  
a l . ,  1983). More r e c e n t ly  t h i s  th re e  d im en s io n a l s t r u c t u r e  has  been  
c o r r o b o r a t e d  by means of e l e c t r o n  m icroscope tomography (Skoglund e t  
a l . ,  1986). The tw is t  i n  the  h ig h e s t  l e v e l  s t r u c t u r e  ends up b r in g in g  
the  5 '  end and 3 ’ ends of the  HnRNA in to  c lo se  p ro x im ity .
SnRNP's, as mentioned e a r l i e r ,  a re  n u c le a r  RNP' s co n ta in in g  sm all  
p iece s  of RNA (4-8S in  s i z e )  t h a t  base p a i r  w ith  n u c le o t id e  sequences 
f l a n k i n g  i n t r o n s  on th e  HnRNA c r e a t in g  s o - c a l l e d  " l a r i a t "  s t r u c tu r e s  
(P ad g e tt  e t  a l . ,  1984). E n d o n u c leo ly tic  c leavages  ex c ise  th e  i n t r o n -  
c o n t a i n i n g  l a r i a t s  and th e  r e m a in in g  exons a r e  l i g a t e d  t o g e t h e r .  
SnRNP's a re  a p p r o x im a te ly  10-12S  i n  s i z e  (B usch  e t  a l . ,  1 9 8 2 a ,b ) .  
They c o n ta in  p r o te in s  t h a t  have no t y e t  been c h a r a c te r iz e d  and s e v e ra l  
c l a s s e s  o f  w e l l - c h a r a c t e r i z e d  SnRNA's. S ix  o f  t h e s e  c l a s s e s  a re  
d e s i g n a t e d  Ul th r o u g h  U6 b e c a u s e  th e y  a r e  h ig h  in  u r i d y l i c  a c i d  
r e s i d u e s .  They a l s o  p o s s e s s  a  5 '  cap  c o n ta in in g  3-m ethylguanosine 
t r ip h o s p h a te  in  a 5 ' - 5 '  l i n k a g e .  Each c l a s s  d i s p l a y s  c h a in  l e n g t h
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v a r i a b i l i t y ,  th e  l o n g e s t  example be in g  214 and th e  s h o r t e s t  107 
n u c leo t id e s  in  le n g th .  About 10 o th e r  c la s se s  a re  not capped and not 
en riched  in  u r i d y l i c  a c id  r e s id u e s .  (7S)SnRNA i s  the  l a r g e s t  of these  
a t  295 n u c le o t id e s  (Busch e t  a l . ,  1982a,b).
When the  SnRNA in  an SnRNP base p a i r s  w ith  the  HnRNA in  a 30-453 
HnRNP to  form a l a r i a t  fo r  the  purpose of in t ro n  e x c is io n ,  the  hybrid  
60S p a r t i c l e  i s  c a l l e d  a s p l ic e o s o m e  (Brody and A b e lso n ,  1985; 
P ik ie ln y  and Rosbash, 1986). I n t e r n a l  s e c o n d a ry  s t r u c t u r e s  of th e  
RNA's in  bo th  SnRNP’s and HnRNP's a re  a p p a ren tly  im portant fo r  proper 
base p a i r in g  and a t  l e a s t  one has been proposed in  th e  c a s e  of human 
U5-SnRNA (C habot e t  a l . ,  1 9 8 5 ) .  The p r o t e i n s  in  t h e  sp l ic eo so m e  
appear to  be eq ua lly  im p o r ta n t  to  b r in g  ab o u t th e  c o r r e c t  c u t s  and 
s p l i c e s  of pre-mRNA. Ln v i t r o  s p l i c i n g  of an raRNA p r e c u r s o r  was 
in h ib i te d  by a monoclonal antibody to  the  "C p ro te in s "  of the  HnRNP's. 
This an tibody , 4F4, in h ib i te d  cleavage a t  the  3 '  end of th e  u p s t re a m  
exon and form ation of the i n t r o n  l a r i a t .  However, i t  d id  not prevent 
the  ATP-dependent form ation of the  60S spliceosom e. The "C p r o t e i n s "  
rem a ined  p r e s e n t  in  such  s t r u c t u r e s ,  but i f  removed from HnRNP's by 
immunoabsorption w ith  4F4 s p l i c i n g  a c t i v i t y  was l o s t  (Choi e t  a l . ,
1986).
M ature  e u k a r y o t i c  mRNA i s  found only in  mRNP's s i t u a t e d  in  the  
c e l l  c y to p la sm .  As i n d i c a t e d  e a r l i e r ,  t h e s e  may be f o u n d  i n  
polyribosomes in  which case the  mRNA i s  being a c t iv e ly  t r a n s l a t e d  in to  
p ro te in  and th e  s t ru c tu re ^  a re  r e f e r r e d  to  as pmRNP's. A l t e r n a t iv e ly ,  
th e  p a r t i c l e s  may be found f r e e  i n  th e  c y to p la s m ,  a lw ays  on th e  
i n t e r n a l  s id e  (never on th e  lum ena l s i d e )  of th e  rough en d o p lasm ic  
re ticu lum  membrane, ln  which case they a re  c a l l e d  cmRNP’s .  G enetic  or
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r e g u l a t o r y  d i s t i n c t io n s  th a t  may e x i s t  between the  two pop u la t io n s  of 
mRNP's a re  s t i l l  l a rg e ly  a m a tte r  of s p e c u la t io n .  I t  has been opined 
t h a t  craRNP' s a r e  n o t  m e re ly  mRNP's c au g h t  in  t r a n s i t  be tw een  the 
nucleus and some rlbosom al subun it  depot where they w i l l  be c o n v e r te d  
to  pmRNP's l i c k e t y - s p l i t ,  but may seq u e s te r  messages whose t r a n s l a t i o n  
i s  i n i t i a t e d  a t  a lower e f f i c i e n c y  by design  or by f o r t u i t y  (M artin  e t  
a l . ,  1980; Adams e t  a l . ,  1981).
cmRNP' s were f i r s t  d i s c o v e r e d  by S p i r i n  and h is  co-workers in  
e a r ly  s tag es  of d e v e lo p in g  f i s h  em bryos, b e f o r e  rRNA s y n t h e s i s  i s  
i n i t i a t e d ,  and were r e f e r r e d  to  as " in fo rm o so m e s" ( S p i r in ,  1969). 
These s t r u c tu r e s  sedimented a t  20-75S i n  s u c r o s e  g r a d i e n t s  ( S p i r i n ,
1 9 6 9 ) ,  a l th o u g h  some cmRNP's have r e c e n t ly  been rep o r ted  as la rg e  as 
120S In  s iz e  (Bag and S arkar ,  1976). A f te r  f i x a t i o n  w ith  formaldehyde 
or g l u t a r a l d e h y d e  th e y  were d e te rm in e d  to  have  bouyan t d e n s i t i e s  
between those of f r e e  p ro te in  and f r e e  ENA and d i s t i n c t  from those  of 
r ib o so m es  or r ib o s o m a l  s u b u n i t s .  T hese  s t r u c t u r e s  a p p e a r  to  be 
u b iq u ito u s  in  embryos and eggs of numerous v e r t e b r a te  and In v e r te b ra te  
sp ec ie s  and appear to  re p re se n t  s to re d  g en e t ic  In form ation  of m aternal 
o r i g i n .  The d e v ic e s  by which t h i s  s to re d  mRNA Is  "masked" u n t i l  the  
a p p ro p r ia te  s t a g e s  of deve lopm ent a r e  of c o n s i d e r a b l e  i n t e r e s t  to  
d e v e l o p m e n t a l  b i o l o g i s t s  and a r e  th o u g h t  to  somehow in v o lv e  th e  
p ro te in s  of the  cmRNP's.
cmRNP's have s in ce  been d i s c o v e r e d  in  a l a r g e  number of f u l l y  
d i f f e r e n t i a t e d  t i s s u e s  from a v a r i e t y  of organisms in c lu d in g  human 
(P erry  and K elley , 1968; Henshaw and L oebenste in , 1970; Spohr e t  a l . ,
1 9 7 0 ) .  S i n c e  I t  becam e c l e a r  t h a t  m o s t  mRNA m o l e c u l e s  a r e  
po ly ad en y la ted , poly(A)+RNA has been rep o r ted  i n  a l l  cmRNP f r a c t i o n s
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exam ined ( O u e l l e t t e  e t  a l . ,  1976; P e r r y  and K e l l e y ,  1 9 7 6 ) .  The 
f r a c t io n  of t o t a l  cytoplasm ic poly(A)+RNA found in  cmRNP's, as opposed 
to  pmRNP's, v a r ie s  from 15% to  30% (M artin  e t  a l . ,  1979b; McMullen e t  
a l . ,  1979). S p e c if ic  mRNA's have been d e tec ted  in  cmRNP's by means of 
i n  v i t r o  t r a n s l a t i o n  in  some e a r l i e r  experim ents (Olsen e t  a l . ,  1975) 
o r ,  more r e c e n t ly ,  by h y b r i d i z a t i o n  w i th  cDNA p ro b e s  ( S i n c l a i r  and 
Dixon, 1982).
By 1 9 8 0 ,  f o u r  cmRNP's c o n t a i n i n g  s p e c i f i c  mRNA's had been 
p a r t i a l l y  p u r i f ie d  (M artin e t  a l . ,  1 9 8 0 ) .  T h ree  of t h e s e  ( c a r r y i n g  
mRNA en co d in g  duck g l o b i n ,  c h ic k e n  a c t i n  and t r o u t  protam ine) were 
i s o la t e d  on the  b a s is  of t h e i r  very small s iz e  and one (c a r ry in g  mRNA 
coding fo r  chicken myosin) on the  b a s is  of i t s  very  la rg e  s iz e  (120S). 
The p r o t e i n s  of t h e s e  cmRNP's were analyzed by SDS-PAGE and found to 
be q u i te  d i f f e r e n t  in  each c a s e .  The number o f p r o t e i n s  p e r  cmRNP 
v a r i e d  from two to  e i g h t  and th e  m o le c u la r  w eights  of the  p ro te in s  
v a r i e d  from 1 5 ,0 0 0 -  t o  9 8 , 0 0 0 - d a l t o n s . Many o th e r  s t u d i e s  have 
a n a ly z e d  th e  p r o t e i n s  from t o t a l  u n f r a c t i o n a t e d  cmRNP popu la tions  
c o l le c te d  by adherence to  p o ly ( U ) - s e p h a r o s e  or o l i g o ( d T ) - c e l l u l o s e  
a f f i n i t y  columns. Using th i s  method, B arrieux  e t  a l .  (1975) rep o rted  
th re e  major po lypep tides  of 34 ,000 - , 52,000-, and 78 ,000 -da ltons  along 
w i th  f o u r  o t h e r  m inor p r o t e i n s  in  E h r l i c h  a s c i t e s  cm R N P 's . I n  
c o n t r a s t ,  J e f f e r y  (1978) found p ro te in s  of 56 ,000 - , 67 ,000-, 71 ,000-, 
and 81,0 0 0 -d a l to n s  in  b o th  cmRNP's and pmRNP's of E h r l i c h  a s c i t e s  
c e l l s .  For comparative purposes, r e s u l t s  of o th e r  re c en t  s tu d ie s  have 
r e v e a l e d  1) s ev en  m a jo r  p r o t e i n s  of 2 3 ,5 0 0 -  t o  8 7 ,0 0 0 - d a l t o n s  in  
cmRNP's o f  b r i n e  sh rim p  ( S i e g e r s  e t  a l . ,  1 9 8 1 ) ;  i i )  e i g h t  m ajor 
p r o t e i n s  of 4 3 ,0 0 0 -  t o  1 5 0 ,0 0 0 - d a l to n s  in  cmRNP’ s of t r o u t  t e s t e s
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( S i n c l a i r  and Dixon, 1982); i i i )  15-20 m a jo r  p r o t e i n s  of 4 0 ,0 0 0 -  to
100 ,000-da ltons  and 15-23 minor p ro te in s  of 22 ,000- to  190 ,000-daltons  
in  cmRNP's of sea  u r c h in  eggs (Moon e t  a l . ,  1980); and iv )  ten  major 
p ro te in s  of 40 ,000- to  1 0 0 ,000 -da ltons  in  cmRNP's o f  c h ic k e n  m uscle  
( J a i n  and S a r k a r ,  1979). Among th ese  r e s u l t s  i t  i s  s i g n i f i c a n t  th a t  
p ro te in s  of approxim ately  52,000- and 7 8 ,000 -da ltons  a re  always found. 
These  a r e  a l s o  a lw ays  found i n  pmRNP's ( J a i n  and  S a r k a r ,  1 9 7 9 ;  
J e f f e r y ,  1978) and t h e i r  p u ta t iv e  ro le  w i l l  be d iscussed  below.
A ls o  d i s p l a y e d  i n  t h i s  i n t r o d u c t i o n  f o r  l a t e r  c o m p a ra t iv e  
p u rp o s e s  i s  a t a b l e  i n c l u d i n g  r e c e n t l y  m e a s u r e d  s e d i m e n t a t i o n  
c o e f f i c i e n t s  and bou y an t d e n s i t i e s  of cmRNP's from  various  animal 
systems (Table 1 ) .  mRNA recovered from cmRNP's has  been r e p o r t e d  to  
d i s p l a y  a h e t e r o d i s p e r s e  s i z e  ran g e  from  8-14S (S ieg e rs  and Kondo, 
1977) to  8-30S ( J a in  and Sarkar ,  1979).
pmRNP's a lthough  having some f e a tu re s  in  common w ith cmRNP's a r e  
q u i te  d is t in g u is h a b le  from them. They a re  re le a se d  from polyribosomes 
by t r e a tm e n t  w i th  GDTA. They co n ta in  both poly(A)"*RNA and p r o te in .  
These s t r u c tu r e s  vary in  s iz e  from approxim ately  14S to  g r e a t e r  th a n  
80S. T h e i r  bouyan t d e n s i t i e s  in  CsCl range from 1 .3 5 - to -1 .5 5  gm/cc, 
sugges ting  a p r o te in  con ten t of g r e a t e r  th a n  50%. I s o l a t e d  pmRNP's 
have  been s u c c e s s f u l l y  t r a n s l a t e d  i n  v i t r o . I s o l a t e d  cmRNP's, in  
c o n t r a s t ,  have some block or d e f e c t  which has  h e r e t o f o r e  p r e v e n te d  
t h e i r  i n  v i t r o  t r a n s l a t i o n  ( S i n c l a i r  and Dixon, 1982; L iau ta rd  and 
Egly , 1980). The poly(A)+RNA i s o la te d  from pmRNP's of E h r l ic h  a s c i t e s  
tum or c e l l s  shows e x a c t l y  th e  same s i z e  d i s t r i b u t i o n  (4 -1 8 S )  as  
p o ly (A )+RNA from cmRNP's of the  same sou rce , and in  v i t r o  t r a n s l a t i o n  
can  be c a r r i e d  o u t on e i t h e r  t e m p la te  ( B a r r i e u x  e t  a l . , 1 9 7 5 ) .
41
Table 1 : Sedim entation  C o e f f ic ie n ts  (S) and Bouyant D e n s i t i e s  (p ) of
cmRNP's from Various Animal Systems
Organism S p (CsCl) p (Metrizamide) P(Sucrose) Reference
B rine Shrimp 5-30 1.38-1 .40 1 .26-1 .27 (1)
Brine Shrimp 20-30 1.39 1.205 1 .27-1 .28 (2)
Trout T es tes 14 1.35-1,.37 - - (3)
Sea Urchin Eggs 60-65 1.38-1,.47 - - (4)
Sea Urchin Eggs 60-70 1.38-1,.47 1.22 - (5)
Chicken Muscle 20-80 1.41-1,.43 1.205-1.22 (6)
Bouyant d e n s i t i e s  a re  expressed  in  terms of gm/cc.
R eferences (See " L i te r a tu re  C ited" f o r  complete c i t a t i o n s ) :
(1) S iegers  e t  a l . ,  1981
(2) S iegers  and Kondo, 1977
(3) S i n c l a i r  and Dixon, 1982
(4 )  Kaumeyer e t  a l . ,  1978
(5 )  Moon e t  a l . ,  1980
(6) J a in  and S a rk a r ,  1979
How ever, th e  fo rm e r  mRNP p a r t i c l e s  can  d i r e c t  in  v i t r o  t r a n s l a t i o n  
whereas the  l a t t e r  cannot (B a rr ie u x  e t  a l . ,  1 9 7 5 ) .  P r o t e i n  a n a l y s i s  
r e v e a l s  t h a t  th e  cmRNP*s c o n t a i n  many more p r o t e i n s  th a n  pmRNP’s 
(B a rr ie u x  e t  a l . ,  1975). The pmRNP's d i s p l a y  t h r e e  I n t e n s e  p r o t e i n  
b a n d s  on SDS-PAGE g e l s  o f  3 4 , 0 0 0 - ,  5 2 , 0 0 0 - ,  and 7 8 , 0 0 0 - d a l t o n s . 
S e v e ra l  minor bands a re  a l s o  v i s i b l e  on the  g e l s .  The cmRNP's d is p la y  
th e se  same th re e  major bands p lu s  s e v e ra l  o th e r  major bands.
S t u d i e s  o f  pmRNP’ s f r o m  a l a r g e  n u m b er  o f  o r g a n i s m s  h a v e  
c o n s i s t e n t l y  n o t e d  p r o t e i n s  o f  a p p r o x i m a t e l y  5 2 , 0 0 0 -  and
7 8 .0 0 0 -d a lto n s  (Morel e t  a l . ,  1971; B lo b e l,  1972; B ryan and H a y a s h i ,  
1973; Burns and W i l l i a m s o n ,  1 9 7 5 ) .  L in d b e rg  and S undqu is t  (1974) 
r e p o r t e d  t h a t  E D T A -re leased  pmRNP's f r o m  KB c e l l s  i s o l a t e d  by 
o l i g o  ( d T ) - c e l l u l o s e  a f f i n i t y  ch ro m a to g ra p h y  c o n t a i n  f o u r  m ajo r  
p r o te in s  of 5 6 ,0 0 0 - ,  6 8 ,0 0 0 - ,  78 ,000- and 1 3 0 , 0 0 0 - d a l t o n s . pmRNP's 
from  a d e n o v i r u s - i n f e c t e d  KB c e l l s  c o n t a i n  an a d d i t io n a l  p r o te in  of
110.0 0 0 - d a l to n s . The o l i g o ( d T ) - c e l l u l o s e  m ethod h a s  been  u se d  to  
i s o l a t e  pmRNP's from  many c e l l  types fo r  p r o t e in  a n a ly s i s  in c lu d in g :  
HeLa (Kumar and P e d e r s o n ,  1 9 7 5 ) ,  KB c e l l s  (Van d e r  M are l e t  a l . ,  
1 9 7 5 ) ,  E h r l i c h  a s c i t e s  c e l l s  ( J e f f e r y ,  1977) and mouse kidney ( I rw in  
e t  a l . ,  1975). Although th e se  i n v e s t i g a to r s  have r e p o r t e d  d i f f e r e n t  
num bers of m a jo r  p r o t e i n s  ( t h r e e  to  s ix )  and a v a r i e ty  of m olecu lar  
w e ig h t  d i s t r i b u t i o n s ,  th e  5 2 ,0 0 0 -  and 7 8 , 0 0 0 - d a l t o n  p r o t e i n s  a r e  
i n v a r i a n t .
I t  i s  t h o u g h t  t h a t  t h e  7 8 , 0 0 0 - d a l t o n  p r o t e i n  b i n d s  t h e  
p o l y a d e n y l i c  a c i d  t a i l  on t h e  3* en d  o f  t h e  mRNA ( J e f f e r y  an d  
Brawerman, 1974; Adams e t  a l . ,  1981; J a i n  and S a rk a r ,  1979; S ieg e rs  e t  
a l . ,  1 9 8 1 ) .  T h is  f u n c t i o n  h o ld s  t r u e  fo r  both  cmRNP's and pmRNP's,
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e x p l a i n i n g  why th e  7 8 ,0 0 0 - d a l t o n  p r o t e i n  i s  f o u n d  i n  b o t h .  An 
i n t e r e s t i n g  o b s e r v a t i o n  of unknown s ig n i f i c a n c e  a t  t h i s  tim e i s  th a t  
th e  le n g th  of th e  p o l y a d e n y l l c  a c id  t a i l  on mRNA's d e c r e a s e s  from 
a b o u t  65 r e s i d u e s  i n  cmRNP's to  approx im ate ly  15 r e s id u e s  in  pmRNP's 
(Adams e t  a l . ,  1981). C e r t a i n l y  many i n t e r e s t i n g  q u e s t i o n s  rem a in  
u n an sw ered  a b o u t  a l l  of th e  v a r i o u s  p a r t i c l e s  i n  which mRNA f in d s  
i t s e l f  dom iciled  a t  one time o r a n o th e r .
Physicochemical Properties of RHP's from Fungus Cells
The l i t e r a t u r e  on f u n g a l  RNP's i s  v e ry  s c a n t ,  en co m p a ss in g  a 
c o u p le  o f  p a p e r s  on th e  a c e l l u l a r  s l im e  mold Physarum (Adams e t  a l . ,  
1980; 1981), one on the  c e l l u l a r  s lim e mold D ic ty o s te l iu m  ( F i r t e l  and 
P e d e r s o n ,  1 9 7 5 ) ,  one on the  w ater  mold B l a s t o c l a d i e l l a  (Jaw orsk i and 
Stumhofer, 1981), and one on th e  ascomycete Neurospora (M irkes, 1977). 
The r o le  of SnRNP's in  HnRNA s p l i c in g  has been i n v e s t i g a t e d  i n  a few 
s t u d i e s  on S accharom yces  (B rody  and A b e ls o n ,  1985; P i k i e l n y  and 
Rosbash, 1986).
Physarum polycephalum grows v e g e ta t iv e ly  as a plasmodium which i s  
e s s e n t i a l l y  a m u l t in u c le a te  mass of p r o to p la s m  l a c k i n g  a  r i g i d  c e l l  
w a l l  and bounded by o n ly  a  t y p i c a l  plasma membrane. The plasmodium 
can be e a s i l y  l y s e d  and f r a c t i o n a t e d  i n t o  n u c l e a r  and c y to p la s m ic  
c o m p o n e n t s .  cm RNP's and  pmRNP's h a v e  b e e n  i s o l a t e d  from  th e  
cy top lasm ic  f r a c t i o n  i n  J e f f e r y ' s  l a b o r a t o r y  (Adams e t  a l . ,  1980;
1 9 8 1 ) .  The po lyribosom al f r a c t i o n  re le a s e d  RNP's upon EDTA trea tm en t 
t h a t  sedimented a t  18-45S w ith  a mean o f a b o u t  25S w h e rea s  th e  non— 
polyribosom al f r a c t i o n  con ta ined  s t r u c tu r e s  sedim enting  between 18-60S 
w i th  a mean of a b o u t  40S. RNA d e r i v e d  from  t h e s e  s t r u c t u r e s  was
h e te r o d is p e r s e  in  s i z e ,  ranging  from about 8S to  30S w ith  a  mean va lue  
o f  p e rh a p s  20S . A f t e r  RNase t r e a t m e n t  th e  r e s i s t a n t  p o ly (A ) N P  
s e d im e n te d  a t  1 0 -1 5 S .  A p r o te in  a n a ly s i s  of th e se  p a r t i c l e s  was no t 
perform ed. However, i t  was d e te r m in e d  t h a t  th e  cmRNP's c o n ta i n e d  
p o ly (A )  t a i l s  65 r e s i d u e s  in  l e n g t h  w h e rea s  th e  pmRNP's co n ta ined  
poly(A) t a i l s  only 15 re s id u e s  long .
D ic ty o s te l iu m  discoideum which grows v e g e t a t i v e l y  as  an amoeba 
la ck in g  a r i g i d  c e l l  w a l l  was ly sed  and n u c le i  were i s o l a t e d .  HnRNP's 
w ere  p u r i f i e d  from th e  n u c l e i  ( F i r t e l  and P e d e r s o n ,  1975). These 
s t r u c t u r e s  were somewhat l a r g e r  than  th e  correspond ing  p a r t i c l e s  from 
animal c e l l s ,  d is p la y in g  a sed im en ta t io n  c o e f f i c i e n t  o f  55S. No la rg e  
a g g re g a te s ,  such as occur in  animal c e l l s ,  were reco v e red .  RNA w ith in  
th e  HnRNP's was p o l y a d e n y l a t e d , hom ologous w i th  mRNA ( b a s e d  upon 
h y b r i d i z a t i o n  k i n e t i c s ) ,  and  s e d i m e n t e d  a t  a  m ean v a l u e  o f  
a p p r o x im a te ly  15S. From 16-20  m a jo r  p r o t e i n s  rang ing  in  s i z e  from
15,000- to  150 ,0 0 0 -d a lto n s  appear to  be a s s o c i a t e d  w i th  t h e  HnRNP's. 
One p r o t e i n  w ith  a m olecu lar  w eight of 7 2 -7 4 ,0 0 0 -d a lto n s  was found to  
be a s s o c ia te d  w ith  th e  poly(A) t a i l s  of th e  RNA component.
The oom ycete  B i a s t o c l a d i e l l a  e m e r s o n i i  c o n s t r u c t s  a dorm ant 
s t r u c t u r e  c a l l e d  a zoospore  in  which p r o te in  s y n th e s is  does no t take  
p la ce  u n t i l  ge rm ina tion  because the  ribosomes a re  se g re g a te d  from th e  
mRNA i n  a s p e c i a l i z e d  s t r u c t u r e  c a l l e d  th e  n u c l e a r  c a p .  When 
germ ina tion  commences a f la g e l lu m  i s  form ed on th e  z o o s p o r e  and th e  
r i b o s o m e s  i n i t i a t e  t r a n s l a t i o n  from  a p o o l  o f  p r e - f o r m e d  s t o r e d  
polyadeny l a te d  RNA (L o v e t t ,  1 9 7 5 ) .  J a w o r s k i  h a s  c h a r a c t e r i z e d  th e  
p o ly (A )+RNA p o p u l a t i o n  b e fo re  and a f t e r  ge rm ina tion  (Jaw o rsk i ,  1976; 
J a w o rs k i  and Thomson, 1980) and a l s o  t h e  RNP's i n  w hich  th e y  a r e
s e q u e s t e r e d  ( J a w o r s k i  and Stum hofer, 1981). Most of the  poly(A)+RNA 
in  B l a s t o c l a d i e l l a  z o o s p o r e s  had been  r e p o r t e d  in  p a r t i c l e s  w hich 
s e d im e n t  a t  j u s t  g r e a t e r  th a n  80S i n  s u c r o s e  g ra d ie n ts  (Johnson e t  
a l . ,  1 9 7 7 ) .  mRNP's w ere  i s o l a t e d  on m e t r i z a m i d e  g r a d i e n t s  and  
i d e n t i f i e d  by b in d in g  to  p o l y ( U ) - f l i t e r s  ( J a w o r s k i  and Stum hofer,
1981). They d isp lay ed  a bouyant d e n s i ty  of 1.27 gm/cc in  m etrizam ide 
g r a d i e n t s  and  had  a s i z e  ra n g e  of 20-80S  on s u c r o s e  g r a d i e n t s .  
L ig h te r  p a r t i c l e s  were found to  co n ta in  d i f f e r e n t  p r o p o r t i o n s  of th e  
p r o te in  components i d e n t i f i e d  on SDS-PAGE g e ls  than  h e a v ie r  p a r t i c l e s .  
The f i v e  m a jo r  p r o t e i n  com ponents had m olecu lar  w eigh ts  of 4 2 ,0 0 0 - ,
5 6 .0 0 0 - ,  64 ,0 0 0 -,  105 ,000-, and 1 2 0 ,0 0 0 -d a lto n s .  H eavier cmRNP's have 
more of the  1 2 0 ,0 0 0 -d a lto n  p r o t e i n  t h a n  do l i g h t e r  p a r t i c l e s .  The
105 .000-da lton  p ro te in  i s  m ostly  absen t from pmRNP's.
pmRNP's were i s o l a t e d  from v e g e ta t iv e  hyphae of Neurospora c ra s s a  
f r e e z e - f r a c t u r e d  by g r i n d i n g  in  a m o r t a r  and p e s t l e  u n d e r  l i q u i d  
n i t r o g e n  ( M i r k e s ,  1 9 7 7 ) .  T h i s  p r o c e d u r e  l i b e r a t e s  i n t a c t  
p o ly r ib o s o m e s  w hich  w ere  c o l l e c t e d  on s u c ro se  s tep  g r a d ie n t s .  The 
polyribosom es were t r e a t e d  w ith  EDTA to  l i b e r a t e  pmRNP's w h ich  were 
c o l l e c t e d  by b in d in g  to  and e l u t i o n  from  an o l l g o ( d T ) - c e l l u l o s e  
column. In c re a s in g  amounts of th e  hydrogen b o n d - d i s r u p t e r  form am ide 
were inc luded  in  the  e lu t io n  b u f f e r  to  d i s s o c i a t e  the  poly(A) t a i l s  of 
t h e  pmRNP-RNA's from  th e  o l i g o ( d T ) - c e l l u l o s e .  The i s o l a t e d  pmRNP 
complexes e x h ib i te d  s e d im e n ta t io n  c o e f f i c i e n t s  r a n g in g  from  15S to  
g r e a t e r  t h a n  60S. RNA i s o l a t e d  from th e se  s t r u c tu r e s  sedim ented in  
sucrose  g r a d ie n ts  between 4S and 40S, w ith  broad peaks a t  15S and 24S. 
The bouyant d e n s i ty  of pmRNP's e lu te d  w ith  25% formamide was 1 .4 2 -1 .4 4  
gm/cc, whereas fo r  pmRNP's e lu te d  w ith  50% formamide i t  was 1 .4 8 - 1 .5 0
g m /c c .  S ix  p o ly p e p t id e s ,  w ith  m olecu lar  w eigh ts  of 1 4 ,0 0 0 - ,  1 9 ,0 0 0 - ,
2 4 ,0 0 0 - ,  3 1 ,0 0 0 - ,  4 4 ,0 0 0 - ,  and 6 6 , 0 0 0 - d a l t o n s , w ere  a s s o c i a t e d  w i th  
pmRNP's e l u t e d  w i th  25% fo rm am id e .  The pmRNP’ s e l u t e d  w i th  50% 
formamide had bu t one a s s o c ia te d  p r o t e i n  o f  2 7 , 0 0 0 - d a l t o n s . A l l  o f  
t h e  p r o t i s t s  m e n tio n e d  in  t h i s  s e c t i o n  a r e  p h y l o g e n e t i c a l l y  q u i te  
d i s t a n t  from  M ucor, h o w ev er ,  N e u ro sp o ra  i s  p r o b a b ly  m ost c l o s e l y  
r e l a t e d .
MATERIALS AND METHODS
Organism and Cultivation
Mucor racemosus (M. l u s i t a n l c u s , 11. c i r c i n e l l o l d e s ) ATCC 1216B 
was used  l n  a l l  e x p e r im e n t s .  S to c k  c u l t u r e s  w ere  m aintained on a 
s o l id  growth medium (YPG a g a r )  composed of 2% ( w t / v o l )  g l u c o s e ,  1% 
( w t / v o l )  p e p to n e ,  0.3% (w t/v o l)  y e a s t  e x t r a c t ,  and 3% (w t/v o l)  a g a r .  
Dehydrated media components were o b ta in e d  from D ifc o  L a b o r a t o r i e s ,  
D e t r o i t ,  MI. The medium was a d j u s t e d  to  pH 4 .5  w i th  concen tra ted  
s u l f u r i c  a c i d .  A s m a l l  am o u n t o f  a e r i a l  h y p h a e  c o n t a i n i n g  
s p o r a n g io s p o r e s  was i n o c u l a t e d  w ith a s tandard  b a c te r io lo g ic a l  loop 
o n to  th e  c e n t e r  of YFG a g a r  p l a t e s  (100-mm d ia m e te r )  w hich  were 
i n c u b a t e d  in  a i r  a t  room te m p e r a tu r e  ( a p p r o x im a te ly  22°C) f o r  two 
weeks, a t  which time s tock  c u l tu re s  were t r a n s f e r r e d  to  f r e sh  medium.
SporangioBpore Production
Sporangiospores were produced in  amounts s u i t a b le  fo r  b iochem ical
f r a c t i o n a t i o n  in  s t e r i l e  p y r e x  o r  C o r n in g  W are b a k in g  d i s h e s
2(approxim ate ly  500 cm su rface  a re a )  co n ta in ing  250 ml of YPG agar or
2
in  s tandard  P e t r i  p l a t e s  (78 .5  cm su rfa ce  a r e a )  c o n t a i n i n g  20 ml of 
YPG a g a r .  A s tandard  inoculum was prepared  by adding 5 ml of s t e r i l e  
d i s t i l l e d  w ater to  a week-old s to ck  c u l tu r e  of M. racemosus. Scraping 
th e  submerged m y ce l ia l  su rface  w ith  a s t e r i l e  bent g la ss  rod  r e l e a s e d  
th e  sp o ra n g io sp o re s  from t h e i r  sporang ia  in to  suspension , leav ing  the 
hyphae and sporanglophores s t i l l  f i rm ly  a t tach ed  to  the  a g a r  s u r f a c e .  
A sm a l l  q u a n t i t y  of t h i s  s t a n d a r d  spore suspension (50 yul per pyrex 
d ish  or 20 y il per P e t r i  p l a t e )  was e v e n ly  d i s t r i b u t e d  o v e r  th e  a g a r
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s u r f a c e  u s in g  a  s t e r i l e  g l a s s  rod o r was s treaked  accross  the  agar 
su r fa ce  in  c lo se ly  spaced (2 cm a p a r t )  p a r a l l e l  row s. The c u l t u r e s  
were incubated in  a i r  a t  room tem perature  fo r  a pe riod  of 7 to  10 days 
a t  which tim e  th e  a g a r  s u r f a c e  was c o m p le te ly  cov ered  w ith  a e r i a l  
hyphae bearing  sporangia  co n ta in ing  th e  b la c k  s p o r a n g io s p o r e s  to  be 
used as experim ental m a te r ia l .
The s p o r e - c o n ta in in g  d ishes  or P e t r i  p la te s  were q u ick ly  flooded 
w ith  an aqueous s o lu t io n  of sodium az id e  (10 mM), sodium f lu o r id e  (10 
mM), and c y c lo h e x im id e  (1 m g/m l) .  T h is  s o lu t io n  of i n h ib i to r s  had 
p rev io u s ly  been shown to  immediately s to p  a l l  en e rg y  m e ta b o l ism  and 
m acro m o lecu la r  sy n th e s is  in  Mucor sporangiospores (Linz and Orlowski,
1982). Sporangiospores were re le ase d  in to  suspension w ith  a g la ss  rod 
as described  above, sed im ented  a t  10 ,0 0 0  xg f o r  10 min a t  4°C i n  a 
S o r v a l l  RC2B r e f r i g e r a t e d  c e n t r i f u g e  w ith  a GSA r o t o r ,  washed twice 
w ith  the above-mentioned in h i b i t o r  s o lu t io n ,  and c o l l e c t e d  by vacuum 
f i l t r a t i o n  o n to  c e l l u l o s e  a c e t a t e / c e l l u l o s e  n i t r a t e  membrane d is c s  
(M il l ip o re  C orp ., Boston, MA; Type AA; lQO-mm d ia m e te r ,  0 .8-jim  p o re  
s i z e ) .  S u c t i o n  was c o n t i n u e d  u n t i l  a s e m i - d r y  cake  w i th  th e  
c o n s i s t e n c y  of t h i c k  t a r  was o b t a i n e d .  T h is  d ry  sp o re  cake was 
im m e d ia te ly  f r o z e n  w i th  l i q u i d  n i t r o g e n  and s t o r e d  a t  -70°C u n t i l  
f u r th e r  use.
Breakage of Sporangiospores
Frozen sporangiospores were r e t r ie v e d  from s t o r a g e  a t  -70°C and 
p laced  in to  a p r e - c h i l l e d  p o rc e la in  m ortar  th a t  had been s t e r i l i z e d  by 
b ak in g  a t  110°C f o r  24-48 h o u r s .  The m ortar was f i l l e d  w ith  l iq u id  
n i t ro g e n  ( tem p era tu re ,  -196°C) and the  spores ground w ith o u t  a b r a s i v e
u s in g  a s t e r i l e  p o r c e l a i n  p e s t l e .  Vigorous g r in d in g  was c a r r ie d  out 
fo r  10-15 min, re p le n ish in g  the  l iq u id  n i tro g en  when n ecessa ry .  A f te r  
g r in d in g ,  r e s id u a l  l iq u id  n i t ro g e n  was a l lo w ed  to  e v a p o r a te  o f f  and 
the  broken spores  were scooped from the  m ortar w ith  a s t e r i l e  p iece  of 
s t i f f  bu t f l e x i b l e  p a p e r  ( M i l l i p o r e  f i l t e r  spacers  work o p t im a lly ) .  
The broken s p o re s  were im m e d ia te ly  p la c e d  i n t o  c o ld  (0°C) s t e r i l e  
b u f f e r  of the  a p p ro p r ia te  composition (see  below).
Isolation of mHHP's from Sporangiospores
Sporangiospores broken under l iq u id  n i t ro g e n ,  as described  above, 
w e re  r e s u s p e n d e d  i n  1 0 -1 5  ml o f  b u f f e r  H, c o n t a i n i n g  20 mM 
N -2 -h y d ro x y -e th y lp ip e raz in e -N '-2 -e th an esu lfo n ic  a c id  (H e p e s ) ,  500 mM 
KC1, 10 mM magnesium a c e t a t e  (MgAc), 1 mM p h e n y lm e th a n e s u l f o n y l  
f lu o r id e  (PMSF), 1 mM disodium e th y le n e d la m in e te t ra a c e ta te  (Na 2 EDTA), 
0.01% (w t/v o l)  h ep a r in  and 2.0% (v o l /v o l )  T r i to n  X-100 a t  pH 7 .2 .  The 
b r o k e n  s p o r e  s u s p e n s i o n  was p l a c e d  i n t o  a s t e r i l e  30-m l Corex 
c e n t r i fu g e  tube (Corning Glass Works, Corning, NY) p r e - c o a t e d  w i th  a 
s i l i c o n  f i lm  (Sigma-Cote; Sigma Chemical Co., S t .  L ou is , M0) to  r e t a r d  
a d h e re n c e  of n u c l e i c  ac id s  to  th e  g la ss  s u r fa c e .  The suspension  was 
thoroughly  homogenized w ith  a Dounce homogenizer (Wheaton S c i e n c t i f i c ,  
M i l l v i l l e ,  N J). The extreme v i s c o s i ty  of the  hom ogenate , i n d i c a t i n g  
th e  presence  of much DNA, suggested th a t  most of the  spore n u c le i  were 
probably  ru p tu red .  The homogenate was cen tr ifu g ed  a t  12,000 xg fo r  10 
min a t  4°C in  a S o rv a l l  RC2B r e f r i g e r a t e d  c e n tr i fu g e  equipped w ith  an 
SS-34 r o t o r .  The p e l l e t  c o n t a i n i n g  m o s t ly  u n b ro k en  s p o r e s ,  s p o re  
w a l l s ,  and m i to c h o n d r i a ,  was d i s c a r d e d .  The su p e rn a tan t  s o lu t io n ,  
co n ta in in g  the  spore  cytoplasm and nucleoplasm, was r e ta in e d .
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The s u p e r n a t a n t  s o l u t i o n  was l a y e r e d  above a  one-m l s h e l f  of 
s t e r i l e  b u f f e r  HS, c o n ta in in g  20 mM Hepes, 500 mM KC1, 10 mM MgAc, 1 
mM PMSF, 1 mM Na2 EDTA, 0.01% h e p a r i n  and 1 M s u c r o s e  a t  pH 7 . 2 ,  in  
5-ml u l t r a c l e a r  c e n t r i f u g e  tubes (Beckman In s tru m en ts  I n c . ,  Pa lo  A lto ,  
CA). The b i p h a s i c  su sp en s io n s  were c e n t r i fu g e d  a t  150,000 xg fo r  90 
min a t  4°C i n  a Beckman Model L -50  p r e p a r a t i v e  u l t r a c e n t r i f u g e  
e q u ip p e d  w i th  an SW50.1 r o t o r .  P a r t i c l e s  s u b s t a n t i a l l y  sm a l le r  than 
30S rlbosom al su b u n its  b u t  no t as sm all  as 4S tRNA m olecules  should be 
p e l l e t e d  u n d e r  t h e s e  c o n d i t i o n s .  The s u p e r n a t a n t  f r a c t i o n s  w ere 
d is c a rd e d .  M a te r ia l  t r a n s i t i n g  the  s h e l f  and forming a p e l l e t  on the  
bottom of th e  tubes  was c o l l e c t e d .  The p e l l e t s  w ere  r e s u s p e n d e d  in  
s t e r i l e  b u f f e r  H I ,  c o n ta in in g  20 mM Hepes, 500 mM KC1, 10 mM MgAc, 1 
mM PMSF, 1 mM Na2 EDTA and 0.01% h e p a r in  a t  pH 7 . 2 ,  and r e s e d im e n te d  
u n d e r  t h e  p r e v i o u s l y  d e s c r i b e d  c o n d i t i o n s .  The second p e l l e t  was 
su sp e n d e d  in  s t e r i l e  b u f f e r  HI an d  i n c u b a t e d  w i t h  0 . 5  gm ( f o r  
a n a l y t i c a l  p u r p o s e s )  o r  2 . 5  gm ( f o r  p r e p a r a t i v e  p u r p o s e s )  of 
o l ig o ( d T ) - c e l lu lo s e  (Sigma) o v e rn ig h t  a t  4°C w i th  c o n s t a n t  s t i r r i n g .  
P o ly ( U ) - s e p h a r o s e  4B (Sigma) was used in  p lace  of o l ig o ( d T ) - c e l lu lo s e  
f o r  com parative purposes in  a few r u n s .  No d i f f e r e n c e s  i n  r e s u l t s  
were no ted .
The o l i g o ( d T ) - c e l l u l o s e  s l u r r y  was poured i n t o  a 0 .7  cm x 10 cm 
( in  a n a l y t i c a l  ru n s )  o r  2 .5  cm x 20 cm ( i n  p r e p a r a t i v e  r u n s )  s t e r i l e  
E cono-co lum n c h ro m a to g ra p h y  column (Bio-Rad L a b o ra to r ie s ,  Richmond, 
CA) and allowed to  s e t t l e  by g r a v i ty .  The i n i t i a l  s u p e rn a ta n t  b u f f e r  
HI was a l lo w e d  to  p e r c o l a t e  th ro u g h  the  o l ig o ( d T ) - c e l lu lo s e  packing 
and was d isca rd e d  upon e lu t i o n  from th e  column. I n  a n a l y t i c a l  r u n s ,  
20 ml of s t e r i l e  b u f f e r  HI w ere  p e r c o l a t e d  th ro u g h  the  column and
20-drop (1-m l) f r a c t io n s  were c o l l e c t e d  i n t o  s t e r i l e  13-mm x 100-mm 
d i s p o s a b l e  t e s t  tu b e s  u s in g  a G i l s o n  Model FC-80 M ic r o f r a c t io n a to r  
(G ilso n  M edical E l e c t r o n i c s ,  M iddle ton , WI). Th is  was fo l lo w e d  by 10 
ml each of s t e r i l e  b u f f e r  H2, composed o f 20 mM Hepes, 1 mM PMSF, 1 mM 
Na2 EDTA and 0.01% h e p a r in  a t  pH 7 .2 ;  s t e r i l e  b u f f e r  H3, composed of 20 
mM H ep es ,  1 mM PMSF, 1 mM Na 2 EDTA, 0.01% h e p a r in  and 50% ( v o l /v o l )  
d e io n ized  formamide a t  pH 7 . 2 ;  s t e r i l e  b u f f e r  H4, c o n t a i n i n g  20 mM 
H ep es ,  1 mM PMSF, 1 mM Na2 EDTA, 0.01% h e p a r i n  and 90% ( v o l / v o l )  
d e io n ized  formamide a t  pH 7 .2 ;  and s t e r i l e  0.01 N NaOH. In  each case  
2 0 -d r o p  (1 -m l)  f r a c t i o n s  were c o l l e c t e d .  Much g r e a t e r  volumes (50-60 
m l)  o f  s t e r i l e  b u f f e r s  H2 and H3 w e re  u s e d  i n  t h e  p r e p a r a t i v e  
i s o l a t i o n  o f  mRNP's f o r  f u r t h e r  a n a l y s e s .  J u s t  p r i o r  t o  u s e ,  
fo rm am ide was a u to c l a v e d  and d e i o n i z e d  w i th  A m b e r l i t e  MB-1 i o n  
exchange r e s in  (Rohm and Haas C o., P h i l a d e lp h ia ,  PA).
P o r t i o n s  ( 1 0 0 - 1 0 0 0  fi  1 )  o f  e a c h  f r a c t i o n  w ere  a s s a y e d  f o r
3
in c o rp o ra te d  r a d i o a c t i v i t y ,  p r o t e i n  c o n t e n t  o r  [ H ] p o ly ( U ) - b in d in g  
a c t i v i t y  as d e sc r ib e d  e lsew here  in  t h i s  s e c t io n .  In  p re p a ra t iv e  ru n s ,  
f r a c t i o n s  c o n t a i n i n g  a  s i g n i f i c a n t  amount o f  mRNP m a t e r i a l  were  
p o o le d .  For d e n s i t y  g r a d i e n t  a n a l y s e s  ( s e e  b e l o w ) ,  t h e  p o o l e d  
f r a c t i o n s  i n  b u f f e r  H2 were used as c o l l e c te d .  The pooled f r a c t i o n s  
i n  b u f f e r  H3 (volume app rox im ate ly  10-12  m l)  w ere  d i a l y z e d  v e r s u s  2 
o n e - l i t e r  volum es o f s t e r i l e  b u f f e r  H2 a t  4°C f o r  12 h o u rs .  Most 
d e n s i ty  g ra d ie n t  c e n t r i f u g a t io n  procedures  (see  below) were p e r fo rm e d  
in  b u f f e r  H2. For p r o t e in  an a ly se s  (se e  below), th e  pooled f r a c t i o n s  
i n  e i t h e r  b u f f e r  H2 o r  H3 w ere  c e n t r i f u g e d  a t  1 5 0 ,0 0 0  xg f o r  12-24 
h o u r s  a t  4 ° C .  P e l l e t s  o f  mRNP m a t e r i a l  w e re  r e s u s p e n d e d  in  
a p p ro p r ia te  volumes o f  e l e c t r o p h o r e s i s  sam ple  b u f f e r  ( s e e  b e lo w ) ,
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b e f o r e  a d d i t i o n  of 2 -m erc a p to e th a n o l ,  and assayed  f o r  p r o te in  by the  
m o d if ie d  F o l i n - p h e n o l  p ro c e d u re  (Lowry e t  a l . ,  1951) o f  L in z  and 
Orlowski (1984).
Radioisotopic Labelling of Sporangiospores
A e ro b ic  hyphae  o f  M. racem osus  w ere  grown and sp o rang iospo res
32allowed to  d ev e lo p  i n  th e  p r e s e n c e  o f  [ P j p h o s p h o r i c  a c i d ,  w hich
r a d i o a c t i v e l y  l a b e l s  p r i m a r i l y  n u c l e i c  a c i d s  i n c l u d i n g  th e  RNA
35component of RNP's, o r  L -[ S ]m eth ion ine, which r a d i o a c t i v e l y  l a b e l s
c e l l  p r o t e i n s  i n c l u d i n g  th e  p r o t e i n  f r a c t i o n  of RNP's. Tw enty-five
32mCi of c a r r i e r - f r e e  [ P ]phosphoric  a c i d  (ICN, I r v i n e ,  CA; s p e c i f i c
r a d i o a c t i v i t y :  27 ,9 3 0  C i/m m o l) ,  su sp e n d e d  in  2 .5  ml o f  s t e r i l e
d i s t i l l e d  w a te r ,  w ere  d i s t r i b u t e d  in  50-^ il  a l i q u o t s  o n to  th e  a g a r
s u r f a c e  of each  of 50 s tan d a rd  P e t r i  p l a t e s  (100-mm d iam e te r)  of YPG
a g a r .  The r a d i o i s o t o p e  ( 0 .5  m C i / p l a t e )  was u n i f o r m ly  d i s t r i b u t e d
a c c r o s s  th e  a g a r  s u r f a c e  w i th  a d isp o sa b le  s t e r i l e  p l a s t i c  sp re ad e r
(W est C o as t  S c i e n t i f i c ,  I n c . ,  E m e r y v i l l e ,  CA) . E a c h  p l a t e  w as
in o c u la te d  a t  the  c e n te r  w ith  5 yul of a s tan d a rd  spore  suspension  (see
a b o v e )  i n  s t e r i l e  d i s t i l l e d  w a t e r .  A l t e r n a t i v e l y ,  1 mCi of 
35L-[ S]m ethionine (New England N u c lea r ;  s p e c i f i c  r a d i o a c t i v i t y :  400 
C i / m m o l ) ,  s u s p e n d e d  i n  0 . 5  ml o f  s t e r i l e  d i s t i l l e d  w a t e r ,  was 
un ifo rm ly  spread  from 50-jil a l i q u o t s  upon th e  a g a r  s u r f a c e  of 10 YPG 
agar p l a t e s  (100-mm d iam ete r)  by means of a s t e r i l e  d isp o sa b le  p l a s t i c  
s p re a d e r .  These p l a t e s  were in o c u la te d  w ith  a drop of s tan d a rd  spore  
suspension  a t  t h e i r  c e n te r .
Hyphal growth and spore  fo rm ation  were allowed to  p ro c e ed  in  a i r  
a t  room t e m p e r a t u r e  f o r  7 - t o - 1 0  d a y s .  Growth and m o rp h o g e n e s is
53
occurred  a t  a normal r a t e  and w ith  the  form ation  of normal c e l l  types 
in  s p i t e  of the  h igh  r a d io a c t i v i t y .  The p la t e s  were each sea led  w ith  
tape and p laced  in to  p l a s t i c  boxes which in  tu rn  were s to re d  w ith in  a 
p l e x i g l a s s  hood and b e h in d  a d d i t i o n a l  p le x ig la s s  s h ie ld s  throughout 
th e  d u r a t i o n  of th e  i n c u b a t i o n  p e r i o d .  R a d i o a c t iv e  s p o re s  were 
c o l l e c t e d  w i t h i n  t h e  s e a l e d  hood  by f l o o d i n g  each  p l a t e  w i th  
a p p ro x im a te ly  5 ml of th e  p r e v i o u s l y  d e s c r i b e d  a z i d e - f l u o r i d e -  
c y c lo h e x im ld e  i n h i b i t o r  s o lu t io n  and d is lo d g in g  th e  spores from t h e i r  
s p o r a n g i a  w i t h  a d i s p o s a b l e  p l a s t i c  s p r e a d e r .  A f t e r  t h e  
s p o r a n g io s p o r e s  of 50 p l a t e s  were p o o le d ,  th e y  were p e l l e t e d  by 
c e n t r i f u g a t i o n ,  washed and packed i n t o  a s e m i -d ry  cake  by vacuum 
f i l t r a t i o n  a s  d e s c r i b e d  a b o v e .  The s e m i - d r y  s p o r e  mass was 
immediately frozen  under l iq u id  n i t ro g en  and s to re d  u n t i l  f u r t h e r  u se  
o r  th e  s p o re s  were broken  im m edia te ly  by g r ind ing  them under l iq u id  
n i t ro g e n  w ith  a m ortar and p e s t l e .
I t  i s  e s s e n t i a l  to  keep these  h ig h ly  r a d io a c t iv e  m a t e r i a l s  under  
containm ent. A erosols  a re  s i g n i f i c a n t  sources of contam ination  during 
s p o r e  c o l l e c t i o n  f ro m  p l a t e s  and  s p a t t e r i n g  d i s p e r s e s  much 
r a d io a c t i v i t y  during  g rind ing  under l iq u id  n i t r o g e n .  T h e re fo re  th e s e  
procedures were c a r r ie d  out w ith in  the  sea led  p le x ig la s s  hood re f e r r e d  
to  ab o v e .  P o t e n t i a l  c o n ta m in a t io n  was c o n s ta n t ly  monitored w ith  a 
h a n d -h e ld  G e ig e r -M u l le r  c o u n te r  ( M i n i - I n s t r u m e n t s ,  L t d ,  E s s e x ,  
E n g la n d ) .  Whenever w ork ing  w i th  r a d io a c t i v i t y  la b o ra to ry  personnel 
a lw ays  wore l a b  c o a t s ,  two t h i c k n e s s e s  of v i n y l  p l a s t i c  g l o v e s ,  
p a r t l c l e - f l i t e r  masks, s a f e ty  g la s se s  and Landauer p e rso n a l  r a d ia t io n  
d o s im e try  badges and r i n g s  p ro v id e d  by th e  LSU R a d i a t io n  S a f e ty  
O ff ic e .
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3
[ H]Polyuridylic A d d  Hybridization to Polyadeny lated RNA
mRNP’ s ,  which c o n ta i n  mRNA in  th e  form of p o ly (A )+RNA, were
i d e n t i f i e d  on th e  b a s i s  of th e  b in d in g  of t h e i r  RNA component to  
3
[ H] p o l y u r i d y l i c  a c id  [po ly (U )]. The experim ental p ro to c o l  c o n s is te d  
of th re e  major s te p s :  i )  recovery  of RNA from a p p r o p r i a t e  column or
3
d e n s i t y  g r a d i e n t  f r a c t i o n s ,  i i )  h y b r i d i z a t i o n  of [ HJpoly(U) w ith  
polytA^RNA, and i i i )  d e te c t io n  and q u a n t i t a t i o n  of p o ly (U ) -p o ly (A )  
hy b rid s .
i) Extraction of RNA fron column or gradient fractions. This 
procedure was based upon th a t  of S iegers  and Kondo (1977). E igh t-d rop  
(4 0 0 -y il)  f r a c t i o n s  were c o l l e c t e d  d i r e c t l y  i n t o  s t e r i l e  1 . 5 - m l  
m ic ro cen tr ifu g e  tubes con ta in ing  200 u l  of 6% (w t/v o l)  SDS. The tubes 
w ere  a g i t a t e d  w ith a vo rtex  m ixer, then incubated a t  room tem perature  
f o r  15 min. Three hundred yil of w a te r - s a tu ra te d  phenol were added to 
each tube , and the  la y e rs  were mixed us ing  a vo rtex  m ixer. The tubes 
w ere in c u b a te d  on i c e  (0 ° C )  f o r  5 m in ,  a f t e r  w h ic h  300 yul o f  
c h lo ro fo rm  were added to  each  and mixing was again  performed w ith a 
v o r te x  mixer. These homogenates were c e n t r i f u g e d  f o r  5 min a t  room 
te m p e r a tu r e  i n  an E p pendorf  Model 5414 m ic ro c e n t r i fu g e  (Eppendorf, 
Hamburg, West Germany). F ive hundred yul o f  th e  u p p e r  aqueous  phase
3
were c o l le c te d  from each tube f o r  h y b r id iz a t io n  w ith  [ H]poly(U).
ii) [^H]Poly(U) hybridization with poly(A)+RNA. Five hundred yul 
of s t e r i l e  d i s t i l l e d  w ater  were added to  th e  500 of th e  aqueous
3
u p p e r  phase  from th e  p re v io u s  s t e p .  F i f t y  nCi of [ 5 , 6 -  HJsodium 
p o l y u r i d y l a t e  (New E ng land  N u c le a r ;  s p e c i f i c  r a d i o a c t i v i t y :  3 .2  
Ci/mmol UMP) in  10 yil o f s t e r i l e  d i s t i l l e d  w ater were added to  th i s  
s o lu t io n  which was heated  to  65°C f o r  10 m in . A n n e a l in g  of po ly (U )
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w ith  poly(A) sequences was a llowed to  proceed f o r  14 hours a t  30°C.
I l l )  D e t e c t i o n  a n d  q u a n t i t a t i o n  o f  poly(U )-po ly(A ) h y b r id s .  The
in c u b a t io n  m ix tu r e s  w ere  c h i l l e d  on i c e  (0°C ) and r i b o n u c l e a s e  A, 
w h ich  h y d r o ly z e s  s i n g l e - s t r a n d e d  b u t  no-t d o u b le - s t r a n d e d  RNA, was 
added  to  e a c h  a t  a f i n a l  c o n c e n t r a t i o n  of 25 y ig /m l (1 0  o f  a
2.5-mg/ml s o l u t i o n ) .  In c u b a t io n  was con tinued  a t  0°C f o r  30 min a f t e r  
w h ich  1 ml o f  i c e - c o l d  10% ( w t /v o l )  t r i c h l o r o a c e t i c  a c id  (5%, f i n a l  
c o n c e n t ra t io n )  was added to  each m ix tu re  to  p r e c i p i t a t e  non-hydrolyzed 
RNA. The m i x t u r e s  w e re  k e p t  on i c e  f o r  20 m in ,  a f t e r  w h ic h  
p r e c i p i t a t e d  RNA was c o l le c te d  on c e l l u lo s e  a c e t a t e / c e l l u l o s e  n i t r a t e  
membrane d is c s  (M il l ip o re ;  Type HAWP; 25-mm d ia m e te r ;  0.45-yim p o r e s )  
by vacuum f i l t r a t i o n .  Each f i l t e r  d i s c  was washed th re e  times w ith  1 
ml of i c e - c o ld  10% ( w t /v o l )  t r i c h l o r o a c e t i c  a c i d  fo l lo w e d  by t h r e e  
washes w ith  1 ml of i c e - c o ld  95% e th a n o l .  The d is c s  were d r ie d  under 
a h e a t  lamp, p laced  in to  the  l i q u i d  s c i n t i l l a t i o n  c o u n t in g  s o l u t i o n  
d e s c r i b e d  e l s e w h e r e  i n  t h i s  s e c t i o n ,  and assayed f o r  r a d i o a c t i v i t y  
w ith  a Beckman Model LS-200 l i q u id  s c i n t i l l a t i o n  sp ec tro m e te r .
Assay o f  In c o rp o ra te d  R ad io iso to p es
When a p p ro p r ia te ,  r a d i o a c t i v e  p r o t e i n  was p r e c i p i t a t e d  i n  h o t  
(9 0 °C ) 5% ( w t / v o l )  t r i c h l o r o a c e t i c  a c i d  f o r  20 min o r r a d io a c t iv e  
n u c l e i c  a c i d  w as  p r e c i p i t a t e d  i n  c o l d  ( 0 ° C )  5% ( w t / v o l )  
t r i c h l o r o a c e t i c  ac id  f o r  20 min. E i th e r  k ind  of sample was c o l le c te d  
on c e l l u lo s e  a c e t a t e / c e l l u l o s e  n i t r a t e  membrane f i l t e r s  ( M i l l i p o r e ,  
ty p e  HAWP) by vacuum f i l t r a t i o n  a f t e r  c h i l l i n g  on ic e  f o r  10-15 min. 
The f i l t e r s  were washed w ith  3 one-ml volumes of ic e - c o ld  5% (w t/v o l )  
t r i c h l o r o a c e t i c  a c id  and 3 one-m l volum es of i c e - c o ld  95% e th a n o l .
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They w e re  d r i e d  u n d e r  a h e a t  lam p an d  p l a c e d  i n t o  5 ml o f  a
s c i n t i l l a t i o n  c o u n t i n g  s o l u t i o n  com posed  o f  0 .4%  ( w t / v o l )
2 ,5 - d ip h e n y lo x a z o le  (S ig m a ) ,  0.01% ( w t / v o l )  2 , 2 ' - p - p h e n y l e n e b i s -
( 5 - p h e n y lo x a z o le )  (S ig m a ) ,  and s c i n t i l l a t i o n  g rad e  t o lu e n e  ( J .T .
B a k e r ,  P h i l l i p s b u r g , NJ) and c o n ta in e d  w i t h i n  2 0 -m l  d i s p o s a b l e
p o ly p ro p y le n e  v i a l s  (Wheaton S c i e n t i f i c ,  M i l l v i l l e ,  NJ). The v i a l s
were assayed fo r  r a d io a c t i v i t y  in  a Beckman Model LS-200 or a Beckman
Model LS-6800 s c i n t i l l a t i o n  spec trom ete r .  This procedure was followed
32 35to  d e te r m in e  the  f a t e  of P- and S - la b e l le d  m a te r ia l  in  a n a ly t i c a l
3
o l i g o ( d T ) - c e l l u l o s e  a f f i n i t y  ch ro m ato g rap h y  and in  [ H ] p o l y ( U ) -  
+
poly(A) RNA h y b r id iz a t io n s .
I n  m o s t  d e n s i t y  g r a d i e n t  ru n s  th e  g r a d i e n t  f r a c t i o n s  were
c o l le c te d  d i r e c t l y  in to  20 ml of the  aqueous s c i n t i l l a t i o n  c o u n t in g
s o lu t io n  of M il le r  and Sypherd (1973) or in to  20 ml of Aquasol-2 (New
England N u c le a r ) .  I n  p r e p a r a t i v e  o l i g o ( d T ) - c e l l u l o s e  column ru n s  
32( w i th  P as l a b e l ) ,  th e  bo ttom  of each  13-mm x 100-mm t e s t  tube 
co n ta in in g  an e lu ted  f r a c t io n  was held  in  co n tac t  w ith  the  p r o t e c t i v e  
s c r e e n  c o v e r in g  th e  t h i n  m ica window of th e  G e ig e r -M u l le r  counter 
probe. The la rg e  s u r f a c e -a re a ,  th in -w indow  probe  ( M in i - I n s t r u m e n t s  
Model 5-10EL) used in  t h i s  work gives a h ig h ly  s e n s i t i v e  q u a n t i t a t iv e  
response f o r  emission energ ies  down to  the  l e v e l  of ^ C - b e t a  em issions 
(P ro d u c t  C a ta lo g u e ,  R ese a rch  P r o d u c t s  I n t e r n a t i o n a l  C o r p . ,  Mount 
P r o s p e c t ,  IL ) .  R a d io a c t iv i ty  l e v e l s ,  expressed  as counts per second, 
were read d i r e c t l y  from the  d isp la y  meter and recorded .
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S ed im en ta tion  T e lo c i ty  (R a te  Zonal) C e n t r i f u g a t io n  i n  Sucrose D en sity  
G ra d ie n ts
This method was used to  i )  f o l lo w  th e  c e l l u l a r  d i s t r i b u t i o n  of 
p o ly ( A ) +RNA d u r in g  s p o r a n g i o s p o r e  g e r m i n a t i o n ,  i i )  d e te r m in e  the  
s e d i m e n t a t i o n  c o e f f i c i e n t  d i s t r i b u t i o n  o f  i s o l a t e d  m R N P's, i i i )  
c h a r a c t e r i z e  th e  m a te r i a l  n o t  r e ta in e d  by o l ig o ( d T ) - c e l lu lo s e  a t  h igh  
i o n i c  s t r e n g t h ,  i v )  d e t e r m i n e  t h e  s e d i m e n t a t i o n  c o e f f i c i e n t  
d i s t r i b u t i o n  of RNA m o le c u le s  e x t r a c te d  from mRNP's, and v) i s o l a t e  
40S ribosom al su b u n its  and SOS complete ribosomes f o r  com parison  w i th  
mRNP's. The e s s e n t i a l  f e a t u r e s  o f  each  e x p e r im e n t a l  p ro to c o l  a re  
d e sc r ib e d  in  tu rn  below. I n  g e n e r a l ,  t h e  p r o c e d u r e s  w ere  much th e  
same, w ith  the  ex cep tio n s  n o ted .
i )  Dormant sp o rang iospo res  and spo rang iospo res  germ inated f o r  10 
min i n  l i q u i d  YPG m edium  w e re  e x p o s e d  to  t h e  a z i d e - f l u o r i d e -  
c y c lo h e x im id e  i n h i b i t o r  s o l u t i o n  d e s c r i b e d  above. The spores  were 
c o l l e c t e d  on m embrane f i l t e r s  ( M i l l i p o r e ;  t y p e  AA) by vacuum  
f i l t r a t i o n ,  washed w ith  the  i n h i b i t o r  s o lu t io n ,  and broken by g r in d in g  
under l i q u id  n i t r o g e n  as p re v io u s ly  d e sc r ib e d .  The broken spo res  were 
su sp e n d e d  i n  s t e r i l e  b u f f e r  HI c o n ta in in g  cyclohexim ide (250 yjg/m l). 
The suspension  was c e n t r i fu g e d  a t  15 ,000  xg f o r  10 min a t  4°C . The 
s u p e rn a ta n t  l iq u id  was c o l l e c te d  and measured f o r  absorbance a t  260 nm 
i n  a  Beckman Model 35 UV-Vis s p e c t r o p h o t o m e t e r .  A volume o f the  
s u p e rn a ta n t  f r a c t i o n  c o n ta i n in g  8 ^ 6 0  u n i t s  was l a y e r e d  on to p  of
1 1 .0 -m l  l i n e a r  10-to-40%  (w t /v o l )  su cro se  d e n s i ty  g r a d ie n ts  b u ffe re d  
w ith  HI and r e s t i n g  on 0 .8 -m l  2-M s u c r o s e  c u s h i o n s .  The g r a d i e n t s  
w ere  c e n t r i f u g e d  a t  150,000 xg f o r  100 min a t  4°C in  a  Beckman Model 
L2-65B u l t r a c e n t r i f u g e  equipped w ith  an SW41 r o t o r .  G r a d i e n t s  w ere
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scanned a t  254 nm w ith  an ISCO Model 640 d e n s i ty -g ra d ie n t  f r a c t i o n a to r
( I n s t r u m e n t a t i o n  S p e c i a l t i e s  C o . ,  L i n c o ln ,  NE). Concomitant w ith
scann ing , 8-drop f r a c t io n s  were c o l l e c t e d  w i th  a G i l s o n  Model FC-80
M i c r o f r a c t i o n a t o r . RNA was r e c o v e r e d  f ro m  e a c h  f r a c t i o n  by
p h e n o l / c h lo r o f o r m  e x t r a c t i o n  and in c u b a t e d  w i t h  [ H ] p o ly ( U )  a s
d e s c r i b e d  ab o v e . R ibonuclease  A - re f r a c to ry  poly(U)-poly(A) duplexes
+i n d ic a te  the  presence  of poly(A) RNA (mRNA).
i i )  F rac t io n s  e lu te d  from o l ig o ( d T ) -c e l lu lo s e  columns c o n ta i n in g
mRNP's in  b u f f e r  H2 were p o o led  and a s s a y e d  f o r  r a d i o a c t i v i t y .  A
volume of e lu a te  co n ta in in g  a minimum of 250,000 counts per min (CPM)
was a p p l i e d  to  th e  to p  of 10-to-40% (w t/v o l )  l i n e a r  sucrose d en s ity
g r a d i e n t s  b u f f e r e d  i n  H 2. A vo lu m e  o f  n o n - r a d i o a c t i v e  M ucor
s p o r a n g io s p o r e  e x t r a c t  (15,000 xg su p ern a tan t  f r a c t i o n )  co n ta in in g  8
^260 un*t s  was a3-80 a p p l i e d  to  th e  g r a d i e n t s  as a so u rc e  of s i z e
m arkers. The g ra d ie n ts  were c en tr ifu g ed  a t  77,000 xg fo r  14 hours a t
4°C in  a Beckman Model L8-70M u l t r a c e n t r i f u g e  e q u ip p ed  w i th  an SW41
r o t o r .  G r a d ie n t s  were scanned  a t  254 nm as ab o v e .  F r a c t i o n s  (6
d r o p s )  w e re  a s s a y e d  f o r  r a d i o a c t i v i t y  d i r e c t l y  i n  a q u e o u s
s c i n t i l l a t i o n  counting s o lu t io n  as desc ribed  above.
32i i i )  P - L a b e l l e d  c e l l u l a r  m a t e r i a l  n o t  b ind ing  to  o l ig o (d T )-  
c e l l u l o s e  a t  h ig h  i o n i c  s t r e n g t h  was a n a ly z e d  on s u c r o s e  d e n s i t y  
g ra d ie n ts  e x a c t ly  as above. A Mucor sporangiospore  e x t r a c t  (15,000-xg 
s u p e r n a t a n t  f r a c t i o n )  i n  b u f f e r  HI was passed through an o l ig o (d T )-  
c e l lu lo s e  column se v e ra l  times to  remove any po lyadeny la ted  m a t e r i a l .  
A volume of e lu a te  co n ta in in g  a minimum of 250,000 CPM was ap p lied  to  
10-to-40% (w t/v o l)  l i n e a r  sucrose  d e n s i t y  g r a d i e n t s  b u f f e r e d  in  H I. 
N o n - r a d io a c t iv e  m ark e rs  were in c lu d e d  as ab o v e .  C e n t r i f u g a t i o n ,
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absorbance measurement, f r a c t i o n a t i o n  and r a d i o a c t i v i t y  a s s a y  were 
performed as b e fo re .
i v )  RNA was e x t r a c t e d  f ro m  mRNP's e l u t e d  in  b u f f e r  H2 as 
in d ic a te d  below. The RNA was red is so lv e d  in  b u f f e r  ANE (10 mM sodium 
a c e t a t e ,  100 mM N aCl, and 1 mM Na2EDTA a t  pH 5 .3 )  c o n t a i n i n g  50% 
( v o l / v o l )  form am ide as a d e n a t u r a n t .  A volume of t h i s  s o l u t i o n  
c o n ta in in g  3 A ^ q u n i t s  was layered  on top of 5-to-20% (w t/v o l)  l i n e a r  
s u c r o s e  d e n s i t y  g r a d i e n t s  a l s o  i n  ANE w i t h  50% fo r m a m id e .  
C e n t r i fu g a t io n  was c a r r ie d  out a t  77,000 xg fo r  18 h o u rs  a t  4°C i n  a 
Beckman Model L8-70M u l t r a c e n t r i f u g e  equipped w ith  an SW41 r o to r .  The 
g r a d i e n t s  were  scanned  f o r  absorbance  a t  254 nm and f r a c t io n a te d  as 
d esc ribed  above. R a d i o a c t i v i t y  was m easured  in  each  f r a c t i o n ,  as 
d e s c r ib e d  e ls e w h e re  in  t h i s  s e c t i o n ,  a f t e r  p r e c i p i t a t i o n  of RNA in  
c o ld  t r i c h l o r o a c e t i c  a c id  and c o l l e c t i o n  of th e  p r e c i p i t a t e s  on 
membrane f i l t e r s .
v )  F o r  p r e p a r a t i o n  o f  40S r ib o s o m a l  s u b u n i t s ,  a 2 7 ,0 0 0 -x g  
su p e rn a tan t  f r a c t io n  of broken Mucor hyphae was prepared  in  b u ffe r  TMK 
(50 mM Tris-[hydroxymethyl]aminomethane ( T r i s ) - H C l ,  10 mM MgAc, and 
500 mM KC1 a t  pH 7 . 2 ) .  I n  o r d e r  to  s t i m u l a t e  d i s s o c i a t i o n  of 80S 
monoribosomes and polyribosomes to  60S and 40S ribosomal s u b u n i ts ,  0.1 
mM puromycin-HCl was added to  th e  e x t r a c t ,  which was th e n  in c u b a te d  
f o r  20 m in a t  room t e m p e r a t u r e .  A p p ro x im a te ly  4 ml of e x t r a c t  
co n ta in in g  200 A ^ q u n i t s  was layered  onto each of s ix  33-ral 10-to-40% 
(w t/v o l )  l i n e a r  sucrose  d e n s ity  g ra d ie n ts  buffered  in  TMK and r e s t i n g  
on 2-ml 2-M s u c r o s e  c u s h io n s .  The g r a d i e n t s  were c e n t r i f u g e d  a t  
100 ,000  xg f o r  9 h o u rs  a t  4°C i n  a Beckman M odel L8-70M u l t r a ­
c e n t r i f u g e  eq u ip p ed  w i th  an SW28 r o t o r .  F ra c t io n s  (12 d rops) were
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c o l l e c t e d  from  th e  b o t to m s  o f th e  tu b e s  u s in g  a Beckman F r a c t i o n  
R eco v e ry  System and a G ilson  Model FC-80 M ic r o f r a c t io n a to r . The A2 ^q 
o f  each  f r a c t i o n  w as m e a s u r e d  w i t h  a  Beckm an M odel 35 U V -V is 
s p e c t r o p h o t o m e t e r .  F r a c t i o n s  d e te r m in e d  to  c o n t a i n  40S ribosom al 
su b u n i ts  were p o o le d ,  d i l u t e d  w i th  TMK b u f f e r ,  and c e n t r i f u g e d  - on 
sucrose  g ra d ie n ts  ag a in  under th e  i d e n t i c a l  c o n d i t io n s .  The g ra d ie n ts  
w ere  a g a in  f r a c t i o n a t e d  and th e  40S ribosom al m a te r ia l  was i d e n t i f i e d  
and poo led . The 40S ribosom al su b u n i ts  were sedimented a t  1 5 0 ,0 0 0  xg 
f o r  1 2 - 2 4  h o u r s  a t  4°C i n  a Beckman Model L -50  u l t r a c e n t r i f u g e  
equipped w ith  an SW50.1 r o t o r ,  washed once w ith  b u f f e r  H2, s e d im e n te d  
a g a i n  u n d e r  i d e n t i c a l  c o n d i t i o n s ,  and resuspended f i n a l l y  in  b u f f e r  
H2. Thorough re su sp en sio n  re q u ire d  the  use of a Dounce h o m o g e n iz e r .  
The 40S r ib o s o m a l  s u b u n i t s  were assayed f o r  p r o t e in  by the  method of 
Lowry e t  a l  (1951)  and s t o r e d  f r o z e n  ( -2 0 °C )  i n  H2 u n t i l  u sed  in  
SDS-PAGE a n a ly se s .  P r e p a ra t io n  of SOS ribosomes was c a r r i e d  out in  a 
s im i l a r  f a s h io n ,  except th a t  puromycin was e x c lu d e d  from  th e  s y s te m
o rd e r  to  co n v er t  a l l  p o ly r ib o so m e s  to  80S m onoribosom es by c u t t i n g  
s t r a n d s  of mRNA ly in g  u n p ro tec ted  between the  ribosom es.
Sedimentation Equilibrium (Isopycnic) Centrifugation in CsCl Gradients
mRNP's e l u t e d  from o l ig o ( d T ) - c e l lu lo s e  columns in  b u f f e r s  H2 and 
H3, and 40S ribosom al su b u n i ts  p u r i f i e d  from s u c r o s e  g r a d i e n t s ,  w ere  
a n a ly z e d  on CsCl g r a d i e n t s  to  d e te r m in e  t h e i r  b o u y a n t  d e n s i t i e s .  
B u ffe r  H2 served  as th e  suspending medium in  a l l  su ch  c e n t r i f u g a t i o n  
r u n s .  B u f f e r  H3 e l u a t e s  w ere  f i r s t  e x t e n s i v e l y  d i a l y z e d  a g a i n s t  
b u f f e r  H2 ( 1 0  m l v e r s u s  2 x 1  l i t e r )  b e f o r e  u s e  i n  C s C l
and a m in u te  q u a n t i t y r ib o n u c le a s e  A was inc luded  in
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c e n t r i f u g a t i o n .  R ibosom al s u b u n i t s  w ere  r e s u s p e n d e d  i n  H2 a f t e r  
s ed im en ta t io n  from TMK (se e  above) . P r io r  to  i n t r o d u c t i o n  i n t o  CsCl 
s o lu t io n s  a l l  samples were f ix e d  f o r  30 min w ith  6% ( v o l /v o l )  aqueous 
formaldehyde ( fo rm a l in )  which had been n e u t r a l i z e d  to  pH 7 .0  w ith  1 N 
NaHCOg. A minimum of 200,000 CPM of 32P - la b e l l e d  m a te r ia l  was loaded 
per  g r a d ie n t .  F o r  m ost r u n s ,  th e  CsCl s o l u t i o n  was made up to  an 
i n i t i a l  u n i f o r m  d e n s i t y  of 1 .4 2 2 6  g m /cc ,  w hich  developed  in to  the  
m id -po in t va lu e  of the  g ra d ie n t  upon a t ta in m en t  o f  e q u i l i b r i u m .  The 
a p p r o p r i a t e  w e ig h t  of CsCl (5 .6 9  gm) p e r  volume of w a te r  (10 cc)  to  
ach ieve  t h i s  d e n s i ty  was ob ta ined  from the  Handbook o f  C h e m is t ry  and 
P h y s i c s . 6 4 th  e d i t io n  (Weast, 1984). This  volume was d iv id ed  between 
two 5-ml po lya llom er or u l t r a c l e a r  c e n t r i f u g e  tu b e s  (B eckm an). The 
g ra d ie n ts  were defined  by c e n t r i f u g a t io n  a t  200,000 xg f o r  40-48 hours 
a t  20°C in  a  Beckman L-50 or L8-70M u l t r a c e n t r i f u g e  equipped w ith  an 
SW50.1 r o t o r .
F ra c t io n s  (6 d rops)  were c o l le c te d  from th e  bottoms o f th e  tu b e s  
u s i n g  a  Beckman F r a c t i o n  R ecovery  System  and a G i l s o n  Model FC-80 
M i c r o f r a c t i o n a t o r . D e n s i t i e s  were  d e te r m in e d  g r a v i m e t r i c a l l y  by 
m e a s u r i n g  t h e  w e i g h t  o f  20 ^ i l  ( + / -  0.5%) o f s o l u t i o n  in  t a r e d  
c a p i l l a r y  p i p e t t e s  (K im b le ,  T o le d o ,  OH) on a M e t t l e r  Model H20T 
a n a l y t i c a l  b a l a n c e  ( M e t t l e r  I n s t r u m e n t  C o r p . ,  H ig h ts to w n ,  N J ) .  
R a d i o a c t i v i t y  was m easu red  as  d e s c r i b e d  above a f t e r  m ix in g  e a c h  
f r a c t i o n  w i th  20 ml of aq u eo u s  s c i n t i l l a t i o n  f l u i d  in  a p l a s t i c  
s c i n t i a l l a t i o n  v i a l .  I n  some r u n s ,  n o n - r a d i o a c t i v e  40S r ib o s o m a l  
su b u n i ts  were recovered  by s id e  punctu re  of the  tube a t  the  s i t e  of a 
v i s i b l e  band and th e  bouyant d e n s i ty  was d e te rm in ed  by m e a s u r in g  th e  
w e ig h t  of th e  f i r s t  20 ^il of l i q u id  drawn from t h i s  s i t e  of punctu re
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by a ta re d  c a p i l l a r y  p ip e t t e .
Sedimentation Equilibrium (laopycnic) Centrifugation in Metrizamide 
Gradients
mRNP’ s and 40S r ib o s o m a l  s u b u n i t s  from th e  same s o u r c e s  a s
i n d i c a t e d  i n  th e  p re v io u s  p r o t o c o l  w ere  a n a ly z e d  on m e tr iz a m id e
32g r a d ie n ts .  At l e a s t  200,000 CPM. of P - la b e l le d  m a te r ia l  were  lo ad ed  
in to  each p re -g ra d ie n t  m ix tu re . In  a l l  ru n s ,  the  sample (con ta ined  in  
b u f f e r  H2) was hom ogeneously  su sp en d ed  i n  40% (w t/v o l)  metrizamide 
( f i n a l  c o n ce n tra t io n )  d isso lv ed  in  b u f f e r  H2. The 10-ml t o t a l  volume 
was d iv id e d  in to  two 5-ml u l t r a c l e a r  c e n t r i fu g e  tubes (Beckman). The 
g ra d ie n ts  were formed by c e n t r i fu g a t io n  a t  200,000 xg f o r  48 hours a t  
20°C in  a Beckman L-50 o r  L8-70M u l t r a c e n t r i f u g e  equipped w ith  an 
SW50.1 r o to r .
F r a c t i o n s  were c o l l e c t e d  by b o t to m  p u n c t u r e  o f  t u b e s  and  
d e n s i t i e s  determined g ra v im e tr ic a l ly  as in  the  case  of CsCl g ra d ie n ts .  
I n  most r u n s ,  p a r t i c l e s  were lo ca ted  by measuring t h e i r  r a d io a c t i v i ty  
as in  the  case of CsCl g r a d ie n ts .  In  some ru n s ,  n o n - r a d i o a c t i v e  40S 
r ib o s o m a l  s u b u n i t s  were d e t e c t e d  by means of th e  Bradford assay  fo r  
p r o t e i n  ( B r a d f o r d ,  1 9 7 6 ) .  I n  o t h e r  r u n s ,  n o n - r a d i o a c t i v e  40S 
r ib o s o m a l  s u b u n i t s  were recovered by s id e  puncture  and t h e i r  bouyant 
d e n s i ty  determined by measuring the  weight of a known volume (20 y j l )  
of the  accompanying l i q u id .
Protein Assays
P r o t e i n  i n  mRNP's and o t h e r  c e l l  f r a c t i o n s  of M. racem osus 
s p o ra n g io s p o r e s  was d e t e c t e d  and q u a n t i t a t e d  by i )  m easu r in g  th e
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absorbance a t  280 nm, i i )  performance of th e  B radford  a s s a y ,  w hich  i s  
based upon the  a l t e r a t i o n  in  the  a b so rp t io n  spectrum  of the  b a s ic  dye 
Coomassie Blue R-250 when i t  b in d s  p r o t e i n  ( B r a d f o r d ,  1 9 7 6 ) ,  i i i )  
p e r fo rm a n c e  of th e  F o l i n - p h e n o l  a s s a y  (Lowry e t  a l . ,  1951) or iv )  
perform ance of the  F o l in -p h e n o l  a ssay  a f t e r  p r e c i p i t a t i o n  of p r o t e i n  
w ith  t r i c h l o r o a c e t i c  a c id  (L inz and O rlow ski, 1984).
Sodium Dodecylsulfate-Polyacrylamlde Gel Electrophoresis (SDS—PAGE)
The c o n d i t i o n s  u sed  f o r  SDS-PAGE were e s s e n t i a l l y  th o s e  of 
Laemmli (1970) a p p l ie d  in  a  S t u d i e r - t y p e  a p p a r a t u s  (CBS S c i e n t i f i c ,  
D e l Mar, CA). The sam ple  was h ea ted  f o r  3 min a t  100°C in  a sample 
b u f f e r  composed of 2.5% ( v o l / v o l )  2 -m ercap toe thano l,  1% ( w t / v o l )  SDS, 
25 mM T r i s - H C l  (pH 7 . 0 ) ,  and 10% ( w t / v o l )  s u c ro se .  This  s o lu t io n ,  
co n ta in in g  125 ^jg of p r o t e in ,  was ap p l ie d  to  the  top  of a s ta c k in g  g e l  
(2 mm in  w id th ,  2 cm in  l e n g t h )  c o n t a i n i n g  4% ( w t / v o l )  a c r y l a m i d e ,  
0.1% ( w t / v o l )  m e th y le n e b i s a c r y la m id e ,  160 mM T ris-H C l (pH 7 .0 ) ,  and 
0.007% SDS. The s e p a r a t i n g  g e l  (2 mm i n  w i d t h ,  8 cm i n  l e n g t h )  
c o n t a i n e d  a  l i n e a r  8 -1 7 %  ( w t / v o l )  a c r y l a m i d e  ( 0 . 2 1 - 0 . 4 5 %  
b is a c ry la m id e ) g r a d ie n t ,  0.1% SDS and 0.375 M T ris-H C l (pH 8 .8 ) .  The 
e l e c t r o d e  b u f f e r  c o n ta in e d  0.1% SDS and 25 mM T r i s - g ly c in e  (pH 8 .2 ) .  
The e l e c t r i c  c u r r e n t  was h e ld  c o n s t a n t  a t  15 mA w h i le  t h e  sam ple  
m ig r a t e d  th r o u g h  th e  s ta c k in g  g e l ,  and a t  25 mA u n t i l  th e  Bromphenol 
B lu e  t r a c k i n g  dye l e f t  t h e  s e p a r a t i n g  g e l .  The t e m p e r a t u r e  was 
am b ien t  and t h e  ru n  t im e  a p p r o x im a te ly  f o u r  h o u r s .  The g e ls  were 
f ix e d  and s ta in e d  o v e rn ig h t  in  a s o lu t io n  of 0.05% ( w t /v o l )  C oom ass ie  
B r i l l i a n t  B lue  R-250 (Sigma) in  m e th a n o l /a c e t ic  a c id /w a te r  (5 /4 /1  by 
volume). The g e ls  were d e s t a i n e d  i n  a  s o l u t i o n  of m e t h a n o l / a c e t i c
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a c id /w a te r  (10 /7 /83  by volume).
Photography
Coomassie B lu e -s ta in e d  polyacrylam ide g e ls  from e l e c t r o p h o r e t i c  
p r o t e i n  s e p a r a t i o n s  were photographed in  t ra n sm it te d  l i g h t  through a 
Cokin #29A o ran g e  f i l t e r  ( P a r i s ,  F r a n c e )  on P o l a r o i d  t y p e  55 
P o s i t i v e / N e g a t i v e  f i l m  using  a P o la ro id  MP-3 i n d u s t r i a l  camera. The 
n eg a tiv es  were t r e a te d  w ith  12% (w t/v o l)  sodium s u l f i t e ,  washed w ith  
w a t e r ,  r i n s e d  w i th  a p p r o p r i a t e l y  d i l u t e d  P h o t o - f l o  200 s o l u t i o n  
(Kodak, R oches te r ,  NY), and d r ie d  in  a i r .  Kodak P o l y c o n t r a s t  Rapid  
I I  p h o to g r a p h ic  p a p e r  was exposed  to  th e  n ega tive  images through a 
D urst L abora to r  S-45 e n l a r g e r  (B o lzan o -B o zen , I t a l y ) ,  d e v e lo p e d  by 
im m ers ion  f o r  1 min in  a 50% aqueous Dektol s o lu t io n  (Kodak), passed 
through a Kodak Stop Bath f o r  5 sec , f ix ed  f o r  5 min in  h a l f - s t r e n g th  
Kodak R apid  F i x e r ,  washed in  f low ing w ater f o r  30 min, d r ie d  in  a i r  
o v e rn ig h t ,  and p ressed  w ith  a F o to f l a t  dry mount p ress  (Derby, CT).
Photographs of Mucor spores and v e g e t a t i v e  c e l l s  were ta k e n  on 
Kodak Plus-X pan b lack  and w hite  f i lm  (ASA 125) under a L e i tz  O rtholux 
I  p h a s e - c o n t r a s t  m ic ro sco p e  ( W e tz la r ,  West Germany). The f i lm  was 
developed in  Kodak D-19 deve loper ,  f ix e d  in  Kodak Rapid F i x e r ,  washed 
and d r i e d .  P o s i t i v e  p r in t s  were made on Kodak P o ly c o n tra s t  Rapid I I  
RC p h o to g r a p h ic  p a p e r  as d e s c r ib e d  ab o v e . C om posite  p l a t e s  were 
com posed, r e p h o to g ra p h e d  on P o la ro id  type 55 P/N f i lm  as p rev io u s ly  
d e sc r ib e d ,  and p r in te d  on Kodak paper as r e l a t e d  above.
Purification and Analysis of iJW* from rnRHP's
32Ten ml of pooled P - la b e l le d  mRNP-containing f r a c t i o n s  in  b u f fe r
H2 c o l l e c t e d  from  a p r e p a r a t i v e  o l i g o ( d T ) - c e l l u l o s e  c o lu m n  w e re  
s u b j e c t e d  to  p h e n o l  e x t r a c t i o n  and e th a n o l  p r e c i p i t a t i o n  as fo l lo w s .  
P u r i f i e d  u n la b e l le d  Mucor RNA (8 A ^ q  u n i t s )  was added  to  th e  p o o le d  
f r a c t i o n s  a s  a c a r r i e r .  An e q u a l  volum e o f  r e d i s t i l l e d  p h e n o l  
c o n ta in in g  0.1% (w t /v o l )  8 -hydroxyqu ino line  and s a tu r a te d  w i t h  b u f f e r  
H5 (20  mM Hepes and 1 mM Na 2 EDTA a t  pH 7 .2 )  was added to  the  pooled 
f r a c t i o n s  a long  w ith  SDS a t  a f i n a l  c o n c e n tra t io n  of 1% ( w t /v o l ) .  The 
b ip h a s ic  suspension  was mixed th o r o u g h l y  b u t  g e n t l y  w i th  a s t e r i l e  
s p a t u l a  to  a v o id  s h e a r in g  mRNA. The m ix ture  was allowed to  s tan d  on 
ic e  f o r  10-15 min a f t e r  w h ich  i t  was c e n t r i f u g e d  a t  1 0 ,0 0 0  xg f o r  
10 min a t  4°C to  s e p a r a t e  t h e  aqueous and phenol l a y e r s .  The upper 
aqueous p h a se  was c a r e f u l l y  c o l l e c t e d  w i th  a s t e r i l e  p i p e t t e  and 
s u b j e c t e d  to  r e - e x t r a c t i o n  w ith  phenol tw ice  more as d e sc r ib e d  above 
and once w ith  a  ch lo ro fo rm /isoam yl a lco h o l  (25/1  by vo lum e) m i x t u r e .  
Ammonium fo r m a te  was added to  th e  f i n a l  aqu eo u s  p h a se  a t  a f i n a l  
c o n c e n t r a t i o n  of 0 .3  M fo l lo w e d  by two volum es of c o ld  a b s o l u t e  
e t h a n o l .  A f t e r  m ix in g  by s t i r r i n g  w i th  a s t e r i l e  s p a tu l a ,  RNA was 
p r e c i p i t a t e d  from the  m ix ture  a t  -20°C o v e r n i g h t .  The p r e c i p i t a t e d  
RNA was c o l l e c t e d  by c e n t r i f u g a t i o n  a t  30,000 xg f o r  20 min a t  4°C. 
The r e s i d u a l  a l c o h o l  was removed u s in g  a V i r t i s  F r e e z e m o b i l e - 6  
l y o p h i l i z e r  ( V i r t i s  C orp .,  G a rd in e r ,  NY). The v i s u a l ly - im p e r c e p t ib le  
p e l l e t  was r e s u sp e n d e d  i n  ANE b u f f e r  f o r  s u c r o s e  d e n s i t y  g r a d i e n t  
a n a ly s i s .
A volume o f th e  s o lu t io n  of p u r i f i e d  RNA c o n ta in in g  3 A ^ q u n i t s  
was brought to  50% ( v o l / v o l )  formamide, hea ted  to  55°C f o r  10 min and 
l a y e r e d  on to p  of a 5-20% ( w t / v o l )  l i n e a r  sucrose  d e n s i ty  g ra d ie n t  
(11 .0-m l volume) w hich  was made up in  a s o l u t i o n  o f  50% ( v o l / v o l )
formamide in  ANE b u f f e r  and which r e s te d  on a 0 .8-m l cushion of 2 M 
s u c r o s e  d i s s o l v e d  i n  t h e  same s o l u t i o n .  The g r a d i e n t s  w e re  
cen tr i fu g e d  a t  77,000 xg f o r  18 hours a t  4°C in  a Beckman Model L8-70M 
u l t r a c e n t r i f u g e  e q u ip p ed  w i th  an SW41 r o t o r .  The g r a d i e n t s  were 
s c a n n e d  a t  254 nm u s i n g  an  1SC0 M odel .640 d e n s i t y  g r a d i e n t  
f r a c t i o n a t o r  e q u ip p ed  w i th  a Model UA-5 a b s o rb a n c e  monitor (ISCO, 
L in c o ln ,  NE). F r a c t i o n s  (6  d r o p s )  were  c o l l e c t e d  i n t o  one ml of 
i c e - c o l d  10% ( w t / v o l )  t r i c h l o r o a c e t i c  a c id ,  incubated  on ic e  fo r  30 
min, f i l t e r e d ,  w ashed , and a s s a y e d  f o r  r a d i o a c t i v i t y  as d e s c r ib e d  
above.
RESULTS
Location of Fre-forned ntKHA in Dormant and Germinating Sporangiospores
Dormant s p o r a n g io s p o r e s  of M. racem osus c o n t a i n e d  no p o l y ­
ribosomes and only a sm all amount of p o t e n t i a l l y  a c t i v e  80S ribosomes . 
Most r ib o s o m a l  m a t e r i a l  i d e n t i f i e d  on scans of sucrose  d e n s i ty
g ra d ie n ts  was in  the  form of in a c t iv e  40S and 60S r ib o s o m a l  s u b u n i t s  
(F ig .  4A, d o tted  l i n e ) .  When f r a c t io n s  of such g ra d ie n ts  were assayed 
f o r  p o ly (A )+RNA ( p u t a t i v e  mRNA) by h y b r i d i z a t i o n  w ith  [^H]poly(U), 
la rg e  amounts of message were o b s e r v e d ,  n e a r l y  a l l  of i t  in  a form 
s m a l l e r  th a n  80S in  s i z e .  Most of t h i s  appeared to  be in  the  reg ion  
of 30S-to-70S on the  g ra d ie n t ,  w ith  peaks a t  about 40S and 55S (F ig .  
4A, s o l i d  l i n e ) .  When dormancy of M. racemosus sporangiospores  was 
broken by exposure to  l i q u i d  YFG medium f o r  no more th a n  5 -10  m in, 
m o s t  of t h e  r i b o s o m a l  p a r t i c l e s  w i t h i n  th e  c e l l  moved i n t o  80S
monoribosomes and polyribosomes (F ig .  4B, d o tted  l i n e ) .  Accompanying
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t h i s  change was a m ig r a t i o n  of most of the  [ H ]po ly (U )-hybrid izab le  
m a te r ia l  (mRNA) in to  the  same reg ions  of the  sucrose d en s i ty  g ra d ien ts  
(F ig .  4B, s o l i d  l i n e ) .  The s im p le s t  i n t e r p r e t a t i o n  of t h e s e  d a ta  
would be t h a t  th e  dormant s p o re  c o n ta i n s  a l a r g e  cache o f  s t a b l e  
p o ly ( A ) +RNA, n o t  a s s o c i a t e d  w i t h  a c t i v e  r i b o s o m e s ,  w h ic h  i s  
im m e d ia te ly  m obilized f o r  t r a n s l a t i o n  by polyribosomes upon h y d ra tio n  
of the  spore and resumption of a c t iv e  metabolism. This i s  c o n s is te n t  
With the  f in d in g s  of Linz and Orlowski (1982, 1984, 1986) th a t  s to re d  
mRNA i s  immediately t r a n s la t e d  upon I n i t i a t i o n  of germ ina tion .
I t  i s  s i g n i f i c a n t  th a t  h a rd ly  any of th e  p o ly (A )+RNA was found 
a s s o c i a t e d  w i th  th e  sm all 80S ribosome peak. The pre-formed mRNA i s
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3 +F igu re  4 . [ H]Poly(U) h y b r id i z a t i o n  to  po ly (A ) RNA from Mucor
racem osus  s p o r a n g io s p o r e  e x t r a c t s  f r a c t i o n a t e d  by sucrose  d en s i ty
g ra d ie n t  c e n t r i f u g a t i o n .  C e n t r i f u g a t i o n  of an i n i t i a l  s p o r e - f r e e
15,000-xg su p ern a tan t  f r a c t io n  was f o r  100 min a t  150,000 xg through a
10-to-40%  l i n e a r  sucrose  g ra d ie n t .  F rac t io n s  were c o l le c te d  from the
g r a d ie n t  and c o n c o m i ta n t ly  scanned  a t  254 nm. Each f r a c t i o n  was
3
phenol e x tra c te d  and th e  RNA recovered was incubated  w ith  [ H]poly(U). 
A f t e r  d e s t r o y i n g  s i n g l e  s t r a n d e d  RNA w i th  RNase A, each in cuba tion  
m ixture was passed over a c e l lu lo s e  n i t r a t e  f i l t e r .  R a d i o a c t i v i t y  in  
d o u b le - s t r a n d e d  RNA a d h e r in g  to  th e  f i l t e r  was a s s a y e d  by l i q u i d  
s c i n t i l l a t i o n  spec troscopy . S p e c if ic  d e t a i l s  of each p ro c e d u re  a r e  
d e s c r ib e d  in  th e  t e x t .  A) E x t r a c t  from  dorm ant s p o r a n g io s p o r e s .  
B) E x t r a c t  from s p o re s  exposed  to  n u t r i e n t  medium f o r  10 m in .
Sym bols: ( .....................) ,  ^ R a d i o a c t i v i t y  trapped  on











not s to re d  in  a s t a t e  of t r a n s l a t i o n a l  a r r e s t  on c o m p le te  r ib o s o m e s .  
N e i t h e r  i s  i t  s t o r e d  f r e e  of a s s o c ia te d  macromolecules, most l i k e l y  
p r o te in s .  The s iz e  range of poly(A)+RNA-containing m a te r ia l  suggested 
by th e  r a t e  of s e d im e n ta t i o n  i n  s u c r o s e  g r a d i e n t s  s i g n i f i c a n t l y  
e x ce e d s  t h a t  d e te rm in e d  f o r  naked p o ly (A )+RNA (6S-20S) by Linz and 
O r lo w sk i  (1 9 8 2 ) .  The d a ta  i n  th e  p r e s e n t  e x p e r i m e n t  c o u l d  n o t  
e s t a b l i s h  w h e t h e r  t h e  p r e - f o r m e d  mRNA e x i s t e d  in  t r a n s l a t i o n  
i n i t i a t i o n  complexes w ith  40S r ib o s o m a l  s u b u n i t s  o r  in  f r e e  R N P 's. 
The fo llow ing  experiments re so lv e  t h i s  is su e  and c h a r a c te r iz e  the  form 
in  which poly(A)+RNA i s  s to re d  in  dormant spo rang iospo res .
I s o l a t i o n  o f  Po ly(A)+RNA—co n ta in in g  RHP's w ith  0 1 ig o (d T )-c e l lu lo se  
Columns
S u b c e l l u l a r  p a r t i c l e s  i n  t h e  same g e n e r a l  s i z e  ran g e  as
p re v io u s ly  c h a ra c te r iz e d  RNP's were c o l l e c t e d  by c e n t r i f u g a t i o n  and
f r a c t i o n a t e d  on o l i g o ( d T ) - c e l l u l o s e  columns as d e s c r ib e d  in  th e
m ethods s e c t i o n .  The s p o re s  f ro m  w h ic h  t h e s e  s t r u c t u r e s  w e re
32re c o v e r e d  had been ra d lo a c t iv e ly  la b e l le d  w ith  [ P ]orthophosphate  to
35id e n t i f y  n u c le ic  a c id  or w ith  L-[ S]methionine to  i d e n t i f y  p r o t e i n .
P r e p a r a t i o n  f ro m  s p o r e s  n o t  i s o t o p i c a l l y  l a b e l l e d  w ere  u sed  in  
3
[ H ] p o ly ( U )  h y b r i d i z a t i o n  s t u d i e s  o r  i n  i d e n t i f i c a t i o n  o f
p ro te inaceous  m a te r ia l  by absorbance a t  280 nm.
32F ig u r e  5 shows th a t  most of the  P - la b e l le d  m a te r i a l ,  which was 
e lu te d  in  b u f f e r  HI, d id  not bind to  o l ig o (d T ) -c e l lu lo s e  a t  h igh  io n ic  
s t r e n g th .  This  im plies  th e  absence of p o ly (A )-con ta in ing  m a t e r i a l  in  
th e se  f r a c t i o n s .  The absence of poly(A) sequences was co rrobo ra ted  in  
th e  e x p e r im e n t  d e p ic t e d  in  F i g .  8 .  Very l i t t l e ,  i f  an y ,  of th e
m a te r i a l  e lu t in g  a t  h ig h  io n ic  s t r e n g th  in  b u f f e r  HI con ta in ed  an RNA
3
c o m p o n e n t  t h a t  h y b r i d i z e d  w i th  [ H ]p o ly ( U ) .  T hese  r e s u l t s  a r e
e n t i r e l y  r e a s o n a b l e  a n d ,  in  f a c t ,  e x p e c t e d .  The g r e a t  b u l k  o f  
32 P - l a b e l l e d  ( i . e . ,  e s s e n t i a l l y  n u c le ic  a c id - c o n ta in in g )  m a te r i a l  in
any c e l l  iB th e  ribosome f r a c t i o n .  A l l  ribosom al p a r t i c l e s  a re  in  the
s i z e  range of s t r u c t u r e s  c o l l e c t e d  h e r e  and no r ib o s o m a l  p a r t i c l e s
c o n t a i n  p o ly  (A) s e q u e n c e s .  Most of th e  m a te r ia l  in  a l l  p re p a ra t io n s
i n i t i a l l y  loaded on o l ig o ( d T ) - c e l lu lo s e  columns r e p re s e n ts  r ib o s o m e s .
S ince  no deoxyribonuclease  t re a tm en t was c a r r ie d  out a t  any tim e, some
of t h i s  m a te r i a l  may a l s o  r e p re s e n t  DNA which p e l l e t e d  in  the  form of
nucleosom es. DNA does n o t  c a r r y  s i g n i f i c a n t  p o ly  (A) s e q u e n c e s  and
w ould  n o t  b in d  o l i g o ( d T ) - c e l l u l o s e .  The amount of DNA in  most c e l l s
i s  g e n e ra l ly  no more than  10% of the  t o t a l  RNA c o n te n t .  Since most of
th e  RNA in  HnRNP’s from c h a r a c te r iz e d  systems i s  n o n - p o l y a d e n y l a t e d ,
one would p r e d i c t  t h a t  HnRNP's may a l s o  be found in  t h i s  non-b ind ing
f r a c t i o n ,  a t  a  sm all pe rcen tage  of the  t o t a l .
32F o u r a d d i t i o n a l  p eak s  of P - l a b e l l e d  m a t e r i a l  a r e  o b se rv e d
e l u t i n g  from th e  o l ig o ( d T ) - c e l lu lo s e  column in  F ig .  5 .  The f i r s t  and
l a r g e s t  peak  was e l u t e d  in  b u f f e r  H 2 , r e p r e s e n t i n g  a d r a m a t i c
r e d u c t i o n  in  i o n i c  s t r e n g th  which causes most hydrogen bonds between
poly(A) and o ligo(dT ) seq u e n c es  to  be w eakened and th e  d u p le x e s  to
32f a l l  a p a r t .  A f u r th e r  amount of P - l a b e l l e d  m a te r i a l  was re le a s e d  in  
b u f f e r  H3 w hich  c o n t a i n s  50% ( v o l / v o l )  fo rm am id e . This substance  
f u r t h e r  d i s r u p t s  hydrogen-bonding in  both  n u c le i c  a c i d s  and p r o t e i n s  
c a u s in g  d e n a t u r a t i o n  o f  b o th  ty p e s  o f  m o le c u le s .  The e x t e n t  of 
d e n a tu ra t io n  i s  a  fu n c t io n  of th e  c o n c e n t r a t i o n  o f fo rm am id e , w i th  
100% fo rm am id e  o f t e n  employed in  g e l  e l e c t r o p h o r e s i s  o r  d e n s i t y
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grad ien t  s e p a r a t i o n  demanding com ple te  d e n a t u r a t i o n  (Rickwood and
Hames, 1 9 8 2 ) .  I n c r e a s e  of  t h e  formamide c o n c e n t r a t i o n  up t o  90%
32( v o l / v o l )  i n  b u f f e r  H4 r e l e a s e d  y e t  more P - l a b e l l e d  m a t e r i a l  bu t
n e v e r  enough to  a n a l y z e  f u r t h e r .  Most s e c o n d a r y ,  t e r t i a r y ,  and
quar tenary  s t r u c t u r e  should be abo l i shed  a t  t h i s  c o n c e n t r a t i o n .  One
32m ight  have  e x p e c t e d  a l l  P - l a b e l l e d  RNA t o  be r e l e a s e d  from the
column and, in  f a c t ,  d i s s o c i a t e d  from i t s  p r o t e i n  component under
32t h e s e  c o n d i t i o n s .  However, a r a t h e r  s i z e a b le  amount of P - l a b e l l e d  
m a te r i a l  was ye t  r e le a se d  from th e  column when a l l  RNA was f i n a l l y  
h y d r o ly z e d  and e lu ted  with  NaOH. This i s  commonly observed (Lindberg 
and Sundquis t ,  1974; Mlrkes,  1977) and may be a consequence of nuc le ic  
a c id  m o le c u le s  g e t t i n g  t r a p p e d  o r  t a n g l e d  among packed  c e l l u l o s e  
f i b e r s .  The NaOH-elu ted m a t e r i a l  cou ld  n o t ,  of course ,  be f u r th e r  
analyzed.
The m a t e r i a l  e l u t e d  by b u f f e r s  H2, H3, and H4 a l l  c o n t a i n e d
+ 3p o l y ( A )  RNA b a s e d  upon h y b r i d i z a t i o n  of  [ H]po ly (U)  t o  t h e  RNA
e x t ra c te d  from each f r a c t i o n  (F ig .  8 ) .  The e x t e n t  of h y b r i d i z a t i o n
32was a p p r o x i m a t e l y  p r o p o r t i o n a l  to  t h e  q u a n t i t y  of P (=[mRNA])
recoverab le  in  each f r a c t i o n  (compare F ig .  5 and F ig .  8 ) .
35Figure  6  d i sp lays  the  con ten t  of L-[ SJm eth ion ine  ( “ [ p r o t e i n ] )  
i n  m a t e r i a l  f r a c t i o n a t e d  on o l i g o ( d T ) - c e l l u l o s e  co lumns .  The 
d i s t r i b u t i o n  i s  somewhat s im i l a r  to t h a t  p r e v i o u s l y  p r e s e n t e d  i n  t h e  
case of RNA (F ig .  5 ) .  Again, most m a te r i a l  did not bind the column a t  
h ig h  i o n i c  s t r e n g t h  i n  b u f f e r  HI.  T h i s  undoubtedly r e p r e s e n t s  the 
p r o t e in  f r a c t i o n  of r ibosomes,  nucleosomes and HnRNP's. As b e f o r e ,  
f o u r  peaks  were  o b s e r v e d  e l u t i n g  i n  b u f f e r s  H2, H3, and H4 and in  
NaOH. The r a t i o s  of the  p r o t e i n  peaks  e l u t e d  i n  b u f f e r s  H2 and H3
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Figure  5.  A n a ly t i c a l  o l i g o ( d T ) - c e l lu lo s e  a f f i n i t y  chromatography 
32o f  P - l a b e l l e d  p a r t i c u l a t e  f r a c t i o n  f r o m  M u c o r  r a c e m o s u s  
s p o r a n g i o s p o r e  e x t r a c t .  The p re p a ra t io n  was app l ied  to the  column in  
b u f f e r  HI and followed with  the s e v e ra l  e l u t i o n  b u f f e r s  i n d i c a t e d  on 
the  f i g u r e .  F r ac t io n s  were c o l l e c t e d  and assayed fo r  r a d i o a c t i v i t y  by 
l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .  B u f f e r  c o m p o s i t io n s  and o th e r  
exper imental  p a r t i c u l a r s  a r e  d e s c r i b e d  i n  t h e  t e x t .  A b b r e v i a t i o n :  
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F ig u re  6 . A n a l y t i c a l  o l i g o ( d T ) - c e l l u l o s e  a f f i n i t y  chromatography 
35o f  L - [  S ] m e t h i o n i n e - l a b e l l e d  p a r t i c u l a t e  f r a c t i o n  f r o m  Mu c o r  
r a c em o su s  spo rang iospo re  e x t r a c t .  The p r e p a r a t io n  was a p p l i e d  to  the  
column in  b u f f e r  HI and f o l l o w e d  w i t h  t h e  s e v e r a l  e l u t i o n  b u f f e r s  
I n d i c a t e d  on t h e  f i g u r e .  F r a c t i o n s  were  c o l l e c t e d  and assayed f o r  
r a d i o a c t i v i t y  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .  B u f f e r  
c o m p o s i t i o n s  and o t h e r  exper im en ta l  p a r t i c u l a r s  a re  d e sc r ib e d  in  the  
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Figure  7.  A n a ly t i c a l  o l i g o ( d T ) - c e l lu lo s e  a f f i n i t y  chromatography 
of  n o n - r a d i o a c t i v e  p a r t i c u l a t e  f r a c t i o n  f ro m  Mucor r a c e m o s u s  
s p o r a n g i o s p o r e  e x t r a c t .  The p r e p a ra t io n  was app l ied  to  the  column in  
b u f f e r  HI and followed with  the  s ev e ra l  e l u t i o n  b u f f e r s  i n d i c a t e d  on 
t h e  f i g u r e .  F r a c t i o n s  were c o l l e c t e d  and t h e i r  absorbance a t  280 nm 
was assayed wi th  a spec t rophotometer .  Buffer  c o m p o s i t i o n s  and o t h e r  
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3 +Figure  8 . [ H]Poly(U) h y b r i d i z a t i o n  to  po ly (A )  R N A -con ta in ing
p a r t i c l e s  from Mucor racemosus sporanglospore  e x t r a c t s  e lu te d  from an
a n a l y t i c a l  o l i g o ( d X ) - c e l l u l o s e  column by a s t a n d a r d  s e q u e n c e  o f
b u f f e r s .  A f f i n i t y  ch rom atog raphy  was pe r fo rm ed  as i n d i c a t e d  i n
F ig .  5. RNA h y b r id i z a t io n  was performed as i n d ic a ted  in  F ig .  4.  See
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were s i m i l a r  to  those  f o r  the  p re v io u s ly  d e p ic ted  RNA. peaks .  However, 
much l e s s  p ro te ln aceo u s  m a t e r i a l  was e l u t e d  in  b u f f e r  H4 and i n  NaOH. 
S im i l a r  o b se rv a t io n s  were made when p r o t e i n  was monitored by measuring 
absorbance a t  280 nit, except t h a t  the  amount of m a t e r i a l  r e l e a s e d  from 
the  column by NaOH was again  h ig h e r .  The low r e c o v e r y  of p r o t e i n  i n  
b u f f e r  H4 may s i g n i f y  t h a t  most p r o t e i n s  were  removed w i th  e lu te d  
RNP's and were t o t a l l y  s t r i p p e d  from non-e lu ted  RNA's in  b u f f e r  H3. A 
comparison of p r o t e i n s  from mRNP's e lu te d  i n  b u f f e r  H2 v e r s u s  b u f f e r  
H3 p r e s e n t e d  l a t e r  i n  t h i s  s tudy  w i l l  bear  out t h a t  s e v e r a l  p r o t e in s  
were d i s s o c i a t e d  from RNA in  the  p r e s e n c e  of  formamide ( s e e  b e lo w ) .  
Sodium h y d r o x i d e  may s o l u b i l i z e  or hydrolyze  p r o t e i n s  tr apped  in  the  
c e l l u l o s e  m a t r ix .
F igures  5 through 8  d i s p l a y  th e  r e s u l t s  of  a n a l y t i c a l  r u n s  on
o l i g o ( d T ) - c e l l u l o s e  columns. The a n a l y t i c a l  f r a c t i o n a t i o n  of l a b e l l e d
c e l l u l a r  m a t e r i a l  on p o l y ( U ) - s e p h a r o s e  columns y i e l d e d  r e s u l t s
i n d i s t i n g u i s h a b l e  from t h e s e  ( n o t  shown) .  T hese  a n a l y t i c a l  ru n s
employed r e l a t i v e l y  s m a l l  amounts  of  column p a c k i n g  ( 0 . 5  gm) and
r e l a t i v e l y  l i m i t e d  amounts  o f  c e l l u l a r  m a t e r i a l  (<3 &26Q u n * t s
con ta in in g  approximate ly  500,000 CPM), w e l l  below the  b inding c ap a c i ty
of the  column. E l u a t e  in  b u f f e r  HI con ta ined  l i t t l e ,  i f  any, l a b e l l e d
m a t e r i a l  t h a t  bound to  the  column upon r e -p a s s a g e ,  e s t a b l i s h i n g  t h a t
b i n d i n g  c a p a c i t y  was n o t  e x c e e d e d .  F i g u r e s  9 and 10 d i s p l a y  t h e
r e s u l t s  of p r e p a r a t i v e  ru n s  on o l i g o ( d T ) - c e l l u l o s e  columns. These
employed much g r e a t e r  amounts  o f  o l i g o ( d T ) - c e l l u l o s e  ( 2 . 5  gm) and
c e l l u l a r  m a t e r i a l  ( a b o u t  50 A£gQ u n i t s  c o n t a i n i n g  a p p r o x i m a t e l y  
7
10 CPM) f o r  f r a c t i o n a t i o n .  The loaded column was e x t e n s i v e l y  washed 
w i t h  b u f f e r  HI (>100 m l)  t o  m aximize  removal of non—polyadeny la ted
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F i g u r e  9 .  P r e p a r a t i v e  o l i g o ( d T ) - c e 1 l u l o s e  a f f i n i t y  
32c h r o m a t o g r a p h y  o f  P - l a b e l l e d  p a r t i c u l a t e  f r a c t i o n  from Mucor 
racemosus s p o r a n g i o s p o r e  e x t r a c t :  H 2 - e l u t e d  mRNP1 s . The s t a n d a r d  
p a r t i c u l a t e  f r a c t i o n  was a p p l i e d  to  a l a r g e  c a p a c i t y  column i n  
b u f f e r  HI.  A f t e r  e x t e n s i v e  w ash ing  of  t h e  column w i t h  b u f f e r  HI,  
p o l y ( A )  R N A -con ta in ing  m a t e r i a l  was e l u t e d  from th e  column w i th  
b u f f e r  H2. F r a c t io n s  were c o l l e c t e d ,  assayed f o r  r a d i o a c t i v i t y  with a 
h i g h - s e n s i t i v i t y  G e l g e r - M u l l e r  c o u n t e r ,  and p o o led  i f  c o n t a i n i n g  
s u b s t a n t i a l  r a d i o a c t i v i t y .  This m a te r i a l  r e p re se n t s  what i s  r e f e r r e d  
to  in  the  t e x t  as p a r t i c l e s  (mRNP's) e l u t e d  a t  low i o n i c  s t r e n g t h .  
B u f f e r  c o m p o s i t i o n s  and o t h e r  exper imenta l  d e t a i l s  are  descr ibed  in  














F i g u r e  1 0 .  P r e p a r a t i v e  o i l  g o ( d T ) - c e 1 l u l o s e  a f f i n i t y  
3 2c h r o m a t o g r a p h y  o f  P - l a b e l l e d  p a r t i c u l a t e  f r a c t i o n  from Mucor 
racemosus s p o r a n g l o s p o r e  e x t r a c t :  H 3 - e l u t e d  mRNP's.  The s t a n d a r d  
p a r t i c u l a t e  f r a c t i o n  was a p p l i e d  t o  a  l a r g e  c a p a c i t y  column i n  
b u f f e r  H i .  A f t e r  e x t e n s i v e  w a s h i n g  o f  t h e  c o lu m n  f i r s t  w i t h  
b u f f e r  H I ,  t h e n  w i t h  b u f f e r  H2, poly(A) RNA-containing m a t e r i a l  was 
e l u t e d  from t h e  column w i t h  b u f f e r  H3 c o n t a i n i n g  50% f o r m a m i d e .  
F r a c t i o n s  were  c o l l e c t e d ,  a s s a y e d  f o r  r a d i o a c t i v i t y  w i t h  a  h i g h -  
s e n s i t i v i t y  G e i g e r - M u l l e r  c o u n t e r ,  a n d  p o o l e d  i f  c o n t a i n i n g  
s u b s t a n t i a l  r a d i o a c t i v i t y .  This  m a te r i a l  r e p r e s e n t s  what i s  r e f e r r e d  
t o  i n  t h e  t e x t  as  f o r m a m i d e - e l u t e d  p a r t i c l e s  (mRNP’ s ) .  B u f f e r  
composit ions and o th e r  exper im enta l  d e t a i l s  a re  d e sc r ib ed  in  th e  t e x t .  
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m a t e r i a l .  E lu a te  in  b u f f e r  HI was no t  r e - p a s s e d  o v e r  t h e  column to  
a s c e r t a i n  loading cap a c i ty ,  but was d i sca rd ed .  Approximately 50 ml of 
b u f f e r  H2 was p a s s e d  over the  column, e l u t i n g  s u b s t a n t i a l  amounts of 
l a b e l l e d  m a te r i a l  in  about 1 0  one-ml f r a c t i o n s  which were p o o led  f o r  
f u r t h e r  ana lyses  (F ig .  9 ) .  Another 50 ml of b u f f e r  H3 was passed over 
the  column, e l u t i n g  l a b e l l e d  m a te r i a l  in  about 1 0  one-ml f r a c t i o n s ,  i n  
somewhat l e s s e r  amounts than the  previous  m a te r i a l  (F ig .  10).  These 
f r a c t i o n s  were pooled f o r  f u r t h e r  a n a l y s e s .  Such a s m a l l  amount of 
l a b e l l e d  m a t e r i a l  was e l u t e d  i n  b u f f e r  H4 t h a t  t h i s  p r e p a r a t i v e  
procedure  could not produce enough f o r  f u r t h e r  an a ly se s .
Size Distribution of mRHP's by Sedimentation Telocity Centrifugation
Figure  11 shows the  sed im enta t ion  c o e f f i c i e n t  d i s t r i b u t i o n  i n  a
32s u c r o s e  g r a d i e n t  of p u r i f i e d  P - l a b e l l e d  mRNP's e l u t e d  from an
o l i g o ( d T ) - c e l l u l o s e  column i n  low i o n i c  s t r e n g t h  b u f f e r  H2. The
p r e s e n c e  of p a r t i c l e s  v a r y i n g  i n  s i z e  from about 20S to 80S, with a
mean va lue of approximate ly  55S, was i n d i c a t e d .  F i g u r e  12 d i s p l a y s
t h e  s e d i m e n t a t i o n  d i s t r i b u t i o n  in  a s u c r o s e  g r a d i e n t  of p u r i f i e d  
32P - l a b e l l e d  mRNP’ s e l u t e d  from an o l i g o ( d T ) - c e l l u l o s e  column i n  
b u f f e r  H3 a t  low i o n i c  s t r e n g t h  w i th  50% ( v o l / v o l )  fo rmamide .  A 
d i f f e r e n t  s i z e  d i s t r i b u t i o n  of p a r t i c l e s  was d i s p l a y e d ,  v a r y i n g  from 
ab o u t  20S t o  60S, w i t h  a mean v a lu e  of  a p p r o x i m a t e l y  40S.  Taken 
to g e th e r ,  the  two p u r i f i e d  mRNP f r a c t i o n s  appeared to  encompass a l l  of
3
t h e  [ H ] p o l y ( U ) - b i n d i n g  m a t e r i a l  d e p i c t e d  i n  F i g .  4 ,  w i t h  t h e  
e x c e p t i o n  of t h e  low m o l e c u l a r  w e ig h t  m a t e r i a l  a t  the  top of these  
g r a d i e n t s .  T h i s  m a t e r i a l  would be too  sm a l l  t o  s ed im en t  i n  t h e  
i n i t i a l  p r e p a r a t i v e  s t e p  of mRNP i s o l a t i o n .  Although one can only
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s p ecu la te  a t  t h i s  t im e,  t h i s  m a t e r i a l  may r e p r e s e n t  t h e  p o ly (A ) N P 's  
c h a r ac te r i z ed  as 10-15S in  o th e r  systems (Martin  e t  a l ,  1980; Adams e t  
a l ,  1980, 1981).  I n  l i g h t  of da ta  to be p resen ted  l a t e r  in  t h i s  work 
dea l in g  w i th  the  p r o t e i n  c o m p o s i t i o n s  and b ouyan t  d e n s i t i e s  of th e  
s e p a r a t e l y  i s o l a t e d  mRNP p o p u l a t i o n s ,  i t  becomes c l e a r  t h a t  t h e  
H 3 - e l u t e d  m a t e r i a l  l a c k s  a  p o p u l a t i o n  of mRNP's p r e s e n t  i n  t h e  
H2-e lu ted  p re p a r a t io n .  A comparison of F ig s .  11 and 12 w i l l  show th a t  
t h e  H 3 - e l u t e d  p r e p a r a t i o n  ( F i g .  12 )  c o n t a i n e d  m o s t ly  l i g h t e r  
( a p p r o x i m a t e l y  20-50S)  p a r t i c l e s  and was m i s s i n g  a p o p u l a t i o n  of 
h e a v i e r  ( a p p r o x i m a t e l y  50-80S )  p a r t i c l e s ,  w hereas  t h e  H 2 - e l u t e d  
p re p a ra t io n  (F ig .  11) conta ined  both l i g h t  and heavy p opu la t ions .
F i g u r e  13 d i s p l a y s  th e  s e d i m e n t a t i o n  p r o f i l e  i n  a s u c r o s e  
32g r a d i e n t  of the  P - l a b e l l e d  m a te r i a l  t h a t  did not bind to  o l igo (dT)-
c e l l u l o s e  a t  high io n ic  s t r e n g th  in  b u f f e r  HI. T h i s  m a t e r i a l  l a c k e d
p o ly  (A) s eq u e n c es  and did not bind to  o l i g o ( d T ) - c e l lu lo s e  even a f t e r
s e v e ra l  passes  over the  column. In  t h i s  experiment ,  s o lu b le  m a t e r i a l
was not removed from the e x t r a c t  by c e n t r i f u g a t i o n  p r i o r  to o l ig o (d T ) -
c e l l u l o s e  c h ro m a to g ra p h y ,  so tRNA's and poly(A)NP's remained i n  the
p r e p a r a t io n .  The d i s t r i b u t i o n  of m a te r i a l  h e re ,  whether m o n i to r e d  as
^254 o r  as  ^n c o r Po r a t e ^ r a d i o a c t i v i t y  ( c o ld  t r i c h l o r o a c e c t i c  a c id -
p r e c i p i t a b l e  CPM), in d ic a te d  only the presence  of 4-5S tRNA's, 40S and
60S ribosomal su b u n i t s ,  and 80S ribosomes.  A l l  mRNP's and poly(A)NP's
were app a ren t ly  absorbed on the column and th e re  was no t r a c e  of them
e v i d e n t  h e r e  ( a s s u m i n g  t h e y  cou ld  be d e t e c t e d  a g a i n s t  t h e  h ig h
background of the  n o n - p o ly a d e n y la t e d  n u c l e i c  a c i d ) .  I f  HnRNP' s o r
nuc leosom es  were  p r e s e n t  in  any s i ze a b le  q u a n t i ty  in  the non-binding 
32f r a c t i o n  of P - l a b e l l e d  m a t e r i a l ,  they a re  not a p p a r e n t  as  d i s c r e t e
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F i g u r e  1 1 .  A n a l y s i s  of Mucor dormant  s p o r a n g i o s p o r e  mRNP’ s
e l u t e d  f r o m  o l i g o  ( d T ) - c e l l u l o s e  column by b u f f e r  H2 ( low  i o n i c
s t r e n g t h )  by s ed im en ta t ion  v e l o c i t y  c e n t r i f u g a t i o n .  D i s t r i b u t i o n  of 
32 P - l a b e l l e d  m a t e r i a l  p o o le d  from p r e p a r a t i v e  column on a  sucrose  
d e n s i t y  g r a d i e n t .  C e n t r i f u g a t i o n  was a t  7 7 ,0 0 0  xg f o r  14 h o u r s  
t h r o u g h  a 10 - to -40%  l i n e a r  sucrose  g r a d i e n t  in  a Beckman SW41 r o t o r .  
F r a c t i o n s  w ere  c o l l e c t e d  and  c o n c o m i t a n t l y  s c a n n e d  a t  254nm. 
R a d i o a c t i v i t y  in  each f r a c t i o n  was q u a n t i f i e d  by l i q u i d  s c i n t i l l a t i o n  
spec t roscopy .  S p e c i f i c  e x p e r i m e n t a l  p r o t o c o l s  a r e  p r o v i d e d  i n  t h e
t e x t .  Symbols: ( ....................) ,  A2 5 4  of  RNA s i z e  s tan d a rd s ;  (——— — ) ,
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F i g u r e  12 .  A n a l y s i s  of  Mucor dormant  s p o r a n g i o s p o r e  mRNP's
e l u t e d  from o l i g o ( d T ) - c e l l u l o s e  column by b u f f e r  H3 (50% formamide) by
32s e d i m e n t a t i o n  v e l o c i t y  c e n t r i f u g a t i o n .  D i s t r i b u t i o n  of P - l a b e l l e d  
m a t e r i a l  pooled from p r e p a r a t i v e  column on a sucrose  d e n s i t y  g r a d i e n t .  
C e n t r i f u g a t i o n  was a t  7 7 ,0 0 0  xg f o r  14 h o u r s  t h r o u g h  a  lO- to -40%  
l i n e a r  s u c r o s e  g r a d i e n t  i n  a Beckman SW41 r o t o r .  F r a c t i o n s  were 
c o l l e c t e d  and concomitan t ly  scanned a t  254nm. R a d i o a c t i v i t y  i n  each  
f r a c t i o n  was q u a n t i f i e d  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .  
S p e c i f i c  exper im enta l  p ro to c o l s  a re  p r o v i d e d  i n  t h e  t e x t .  Symbols:
( ....................................... }  A
* 254 o f  RNA s i z e  s t a n d a rd s ;  (--------------- ) ,  r a d i o a c t i v i t y
expressed  as CPM (counts  pe r  m inute ) .
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F i g u r e  1 3 .  A n a l y s i s  o f  m a t e r i a l  f r o m  Mu c o r  d o r m a n t
s p o r a n g i o s p o r e  e x t r a c t s  n o t  b i n d i n g  t o  o l ig o (d T )-* ce l lu lo se  a t  h igh
i o n i c  s t r e n g t h  by means of s ed im en ta t ion  v e l o c i t y  c e n t r i f u g a t i o n .  The
32d i s t r i b u t i o n  of n o n - b i n d i n g  P - l a b e l l e d  m a t e r i a l  i s  shown on a 
s u c r o s e  d e n s i t y  g r a d i e n t .  C e n t r i f u g a t i o n  was a t  77 ,000 xg f o r  14 
hours  through a 10-to-40% l i n e a r  s u c r o s e  g r a d i e n t  i n  a  Beckman SW41 
r o t o r .  F r a c t i o n s  were  c o l l e c t e d  and concom itan t ly  scanned a t  254nm. 
R a d i o a c t i v i t y  in  each f r a c t i o n  was q u a n t i f i e d  by l i q u i d  s c i n t i l l a t i o n  
s p e c t r o s c o p y .  S p e c i f i c  e x p e r i m e n t a l  p r o t o c o l s  a re  provided in  the
t e x t .  Symbols :  ( .................... ) ,  ^ R a d i o a c t i v i t y
















e n t i t i e s  on t h i s  f i g u r e .  I f  they were p re s e n t  they could be concealed 
w i th in  th e  AOS peak.
Isolation of AOS Ribosomal Subunits
F i g u r e s  14 and 15 i l l u s t r a t e  t h e  p u r i f i c a t i o n  of AOS ribosomal  
su b u n i t s  f o r  a n a l y s i s  and comparison w i th  i s o l a t e d  mRNP's. F i g u r e  1A 
r e p r e s e n t s  a s u c r o s e  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n  of a  Mu c o r  
c e l l - f r e e  e x t r a c t  ( 2 7 , 0 0 0 - x g  s u p e r n a t a n t  f r a c t i o n ) .  The  m o s t  
o u t s t a n d i n g  f e a t u r e s  a r e  A2 0 Q p e ak s  of A-5S tRNA's ,  AOS and 60S 
r i b o s o m a l  s u b u n i t s ,  and 80S r i b o s o m e s .  I t  s h o u ld  be n o t e d  t h a t ,  
u n l i k e  mRNP p r o f i l e s  on sucrose  g r a d i e n t s ,  the  AOS r ibosomal subun i t  
peak  was h i g h l y  compact making i t  r a t h e r  u n l i k e l y  t h a t  t h e  AOS 
ribosomal p a r t i c l e  r e p r e s e n t s  the  t r u e  i d e n t i t y  of mRNP's, a l though i t  
c a n n o t  be e x c lu d e d  on t h i s  b a s i s  t h a t  mRNP's might not be modif ied 
forms of AOS ribosomes which have g a in e d  or  l o s t  s p e c i f i c  p r o t e i n s .  
When th e  f r a c t i o n s  c o n ta i n in g  AOS m a t e r i a l  were pooled and r e - r u n  on 
ano the r  sucrose  g r a d ie n t  a s i n g l e  sharp peak was o b t a i n e d  ( F i g .  1 5 ) .  
T h i s  was c o l l e c t e d  and t h e  AOS r i b o s o m a l  s u b u n i t s  r e c o v e r e d  by 
c e n t r i f u g a t i o n .
Bouyant Densities of mRNP's by Sedimentation Equilibrium 
Centrifugation in CsCl Solution
Figu res  16 through 18 r e p r e s e n t  th e  b e h av io u r  of mRNP f r a c t i o n s  
and AOS r i b o s o m a l  s u b u n i t s  i n  CsCl isopycn ic  c e n t r i f u g a t i o n .  F igure  
16 demonst ra tes  t h a t  the  H2 (low io n ic  s t r e n g t h )  o l i g o ( d T ) - c e l l u l o s e  
column e l u a t e  con ta ined  two p o p u la t io n s  of mRNP p a r t i c l e s ,  one w i th  a 
bouyant d e n s i t y  of about 1.37 gm/cc and ano ther  w i th  a bouyant d e n s i t y
95
F ig u re  14. P u r i f i c a t i o n  of AOS r i b o s o m a l  s u b u n i t s  by s u c r o s e  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n :  i n i t i a l  g r a d i e n t  s e p a r a t i o n  of
components in  15,000-xg su p e rn a ta n t  f r a c t i o n  of Mucor hyphae .  Hyphal 
s u p e r n a t a n t  f r a c t i o n s  were p r e p a re d  and su b jec te d  to c e n t r i f u g a t i o n  
through 10-to-40% l i n e a r  sucrose  g r a d i e n t s  a t  1 5 0 ,0 0 0  xg f o r  9 h o u r s  
i n  a Beckman SW28 r o t o r .  F r a c t i o n s  were c o l l e c t e d ,  a s s a y e d  f o r  
a b s o r b a n c e  a t  260 nm i n  a s p e c t r o p h o t o m e t e r ,  and t h o s e  o c c u r r i n g  
w i t h i n  t h e  known r e g i o n  of AOS r i b o s o m a l  p a r t i c l e s  were pooled f o r  
f u r t h e r  p u r i f i c a t i o n .
96
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Figure  15. P u r i f i c a t i o n  of 40S r i b o s o m a l  s u b u n i t s  by s u c r o s e  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n :  r e - s e d i m e n t a t i o n  of 40S m a te r i a l
from the  s e p a ra t io n  depic ted  in  F ig .  14 .  P o o le d  f r a c t i o n s  from th e  
40S peak were s u b j e c t e d  to  c e n t r i f u g a t i o n  through 10-to-40% l i n e a r  
sucrose  g ra d ie n t s  a t  150,000 xg f o r  9 hours in  a Beckman SW28 r o t o r .  
F r a c t i o n s  were c o l l e c t e d ,  a s s a y e d  f o r  a b so r b a n c e  a t  260 nm i n  a 
spec trophotometer ,  and those occurr ing  w i th in  the  known r e g i o n  of 4 0 S 
r ib o s o m a l  p a r t i c l e s  were poo led  and l a t e r  s u b j e c t e d  to  h igh-speed 
c e n t r i f u g a t i o n  to  c o l l e c t  the  p a r t i c l e s  in  a p e l l e t .
98
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of approx imate ly  1.59 gm/cc. I n  c o n t r a s t ,  F ig .  17 d e m o n s t r a t e s  t h a t  
t h e  H3 ( low  i o n i c  s t r e n g t h  p l u s  50% formamide)  o l i g o ( d T ) - c e l l u l o s e  
column e l u a t e  con ta ined  a s i n g l e  p o p u la t io n  of mRNP p a r t i c l e s  having a 
bouyant d e n s i t y  of 1.61 gm /cc .  Based  on t h i s  p a r a m e t e r ,  i t  may be 
s p e c u l a t e d  t h a t  t h e  d ense r  p a r t i c l e  may be i d e n t i c a l  or very  s i m i l a r  
i n  the  two p r e p a r a t i o n s .  On t h e  b a s i s  of  t h i s  p a r a m e t e r  i t  can be 
seen t h a t  the  AOS ribosomal su b u n i t ,  which d i sp lay ed  a bouyant d e n s i ty  
of a p p r o x i m a t e l y  1.56 gm/cc in  CsCl s o l u t i o n  (F ig .  18) ,  r e p r e s e n t s  an 
e n t i t y  d i s t i n c t  from the  mRNP's.
Bouyant Densities of mRNP's by Sedimentation Equilibrium 
Centrifugation in Metrizamide Solution
Figu res  19 through 22 r e p r e s e n t  th e  b ehav iou r  of  mRNP f r a c t i o n s  
and AOS r i b o s o m a l  s u b u n i t s  i n  metrizamide i so p y cn ic  d e n s i ty  g ra d ie n t  
c e n t r i f u g a t i o n .  M e t r i z a m id e  i s  a t r i - i o d i n a t e d  d e r i v a t i v e  o f  
2 - d e o x y g l u c o s e  w h i c h ,  i n  c o n t r a s t  t o  C s C l ,  i s  n o n - i o n i c  and 
non-dena tu r ing  and does not r e q u i r e  sample f i x a t i o n  w i th  an a ld e h y d e  
be fo re  a  run .  Thus b i o l o g i c a l  samples can be s ep a ra te d  presumably in  
t h e i r  n a t i v e  forms (Rickwood, 1978; P r i c e ,  1982).
F i g u r e  19 shows t h a t  t h e  H2 ( lo w  i o n i c  s t r e n g t h )  o l i g o ( d T ) -  
c e l l u l o s e  column e l u a t e ,  as  i n  t h e  p r e v i o u s l y  d e p i c t e d  r e s u l t s ,  
c o n t a i n e d  two p o p u l a t i o n s  of  mRNP p a r t i c l e s ,  one w i t h  a b o u y an t  
d e n s i t y  of a b o u t  1 .1 5  gm/cc and a n o t h e r  w i t h  a  bouyant  d e n s i t y  of 
approximate ly  1.30 gm/cc. F igure  20 a g a i n  p r e s e n t s  t h e  c o n t r a s t i n g  
r e s u l t s  f o r  t h e  H3 ( fo rm am ide-con ta in ing)  o l i g o ( d T ) - c e l l u l o s e  e lu a t e  
which possessed  a  s i n g l e  p o p u la t io n  of mRNP's having a  bouyant d e n s i ty  
of 1.35 gm/cc. Once aga in  i t  appears  t h a t  the  same o r  s i m i l a r  d en se
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Figure 16. I s o p y c n i c  c e n t r i f u g a t i o n  i n  C sC l  s o l u t i o n  o f
32 P - l a b e l l e d  Mucor s p o r a n g i o s p o r e  mRNP's e l u t e d  from o l i g o ( d T ) -  
c e l l u l o s e  in  b u f f e r  H2 (low i o n i c  s t r e n g t h ) .  P a r t i c l e s  were  f i x e d  
w i t h  fo rm a ld eh y d e  p r i o r  to c e n t r i f u g a t i o n  a t  200,000 xg f o r  48 hours 
a t  20°C in  a Beckman SW50.1 r o t o r .  F r ac t io n s  were c o l l e c t e d  dropwise 
a f t e r  b o t t o m  p u n c t u r e  o f  t u b e s .  D e n s i t i e s  w e re  m e a s u r e d  
g r a v im e t r i c a l l y  and r a d i o a c t i v i t y  was assayed by l i q u i d  s c i n t i l l a t i o n  
s p e c t r o s c o p y .  E x p e r i m e n t a l  d e t a i l s  a r e  p r o v i d e d  i n  t h e  t e x t .  
Symbols :  ( o p e n  s q u a r e s ) ,  d e n s i t y  i n  g m / c c ;  ( o p e n  c i r c l e s ) ,
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Figure 17. I s o p y c n i c  c e n t r i f u g a t i o n  In  C sC l s o l u t i o n  o f
32 P - l a b e l l e d  Mucor s p o r a n g io s p o r e  mRNP's e l u t e d  from o l i g o ( d T ) -  
c e l l u l o s e  in  b u f f e r  H3 (50% fo rm a m id e ) .  P a r t i c l e s  w ere  d i a l y z e d  
a g a i n s t  b u f f e r  H2 and f ix e d  w ith  formaldehyde p r i o r  to  c e n t r i f u g a t io n  
a t  2 0 0 ,0 0 0  xg f o r  48 h o u rs  a t  20°C  i n  a B eckm an SW50.1 r o t o r .  
F r a c t i o n s  w ere  c o l l e c t e d  d ro p w ise  a f t e r  b o tto m  p u n c tu re  of tu b e s .  
D e n s i t i e s  were measured g ra v im e t r i c a l ly  and r a d i o a c t i v i t y  was a s s a y e d  
by l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .  E x p e r im e n ta l  d e t a i l s  a r e  
p rovided  in  th e  t e x t .  Sym bols: (o p en  s q u a r e s ) ,  d e n s i t y  i n  gm /cc;
























F ig u r e  18 . I s o p y c n i c  c e n t r i f u g a t i o n  i n  C sC l s o l u t i o n  o f
32 P - l a b e l l e d  AOS r ib o s o m a l  s u b u n i t s  p u r i f i e d  from  hyphae of Mucor 
r a c e m o s u s . R ibosom es w ere  su sp e n d e d  i n  b u f f e r  H2 and f i x e d  w i th  
fo rm a ld e h y d e  p r i o r  to  c e n t r i f u g a t i o n  a t  2 0 0 , 0 0 0  xg f o r  48 hours a t  
20°C in  a  Beckman SW50.1 r o t o r .  F r a c t i o n s  w ere  c o l l e c t e d  d ro p w ise  
a f t e r  b o t t o m  p u n c t u r e  o f  t u b e s .  D e n s i t i e s  w e re  m e a s u r e d  
g r a v im e t r i c a l ly  and r a d i o a c t i v i t y  was assayed  by l i q u i d  s c i n t i l l a t i o n  
s p e c t r o s c o p y .  E x p e r i m e n t a l  d e t a i l s  a r e  p r o v id e d  i n  t h e  t e x t .  
S y m b o ls :  ( o p e n  s q u a r e s ) ,  d e n s i t y  i n  g m /c c ;  ( o p e n  c i r c l e s ) ,
r a d io a c t iv i ty  as CPM (co u n ts  p er m in u te ).
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Figure 19. Iso p y cn ic  c e n t r i f u g a t io n  in  m e tr iz a m id e  s o l u t i o n  of
32 P - l a b e l l e d  Mucor s p o r a n g io s p o r e  mRNP's e l u t e d  from  o l i g o ( d T ) -  
c e l l u lo s e  in  b u f f e r  H2 (low io n ic  s t r e n g t h ) .  P a r t i c l e s  were su b jec te d  
to  c e n t r i f u g a t i o n  a t  2 0 0 ,0 0 0  xg f o r  48 h o u rs  a t  20°C in  a Beckman 
SW50.1 r o t o r .  F ra c t io n s  were c o l le c te d  dropwise a f t e r  bottom punctu re  
o f  t u b e s .  D e n s i t i e s  were measured g r a v im e t r ic a l ly  and r a d i o a c t i v i t y  
was a s s a y e d  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .  E x p e r i m e n t a l  
d e t a i l s  a r e  p r o v id e d  in  th e  t e x t .  Symbols: (open s q u a r e s ) ,  d e n s i ty
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F ig u re  20. Isopycn ic  c e n t r i f u g a t io n  in  m e tr iz a m id e  s o l u t i o n  of
3 2 P - l a b e l l e d  Mucor s p o r a n g io s p o r e  mRNP's e l u t e d  from o l i g o ( d T ) -  
c e l l u l o s e  in  b u f f e r  H3 (50% fo rm am id e ) .  P a r t i c l e s  were d ia ly z e d  
a g a i n s t  b u f f e r  H2 p r i o r  to  c e n t r i f u g a t io n  a t  200,000 xg f o r  48 hours 
a t  20°C in  a Beckman SW50.1 r o t o r .  F rac t io n s  were c o l le c te d  dropwise 
a f t e r  b o t t o m  p u n c t u r e  o f  t u b e s .  D e n s i t i e s  w e re  m e a s u re d  
g ra v im e tr ic a l ly  and r a d io a c t i v i ty  was assayed by l iq u id  s c i n t i l l a t i o n  
s p e c t r o s c o p y .  E x p e r i m e n t a l  d e t a i l s  a r e  p ro v id e d  in  th e  t e x t .  
Sym bols: ( o p e n  s q u a r e s ) ,  d e n s i t y  i n  g m /c c j  ( o p e n  c i r c l e s ) ,





















F ig u re  21 . Iso p y cn ic  c e n t r i f u g a t io n  in  m e t r iz a m id e  s o l u t i o n  of
32 P - l a b e l l e d  40S r ib o s o m a l  s u b u n i t s  p u r i f i e d  from  hyphae o f Mucor 
r a c e m o s u s . R ib o s o m e s  w e re  s u s p e n d e d  i n  b u f f e r  H2 p r i o r  t o  
c e n t r i f u g a t io n  a t  200,000 xg f o r  48 hours a t  20°C i n  a  Beckman SW50.1 
r o t o r .  F ra c t io n s  were c o l l e c t e d  d ro p w is e  a f t e r  b o t to m  p u n c tu r e  of 
t u b e s . D e n s i t i e s  were measured g r a v im e t r ic a l ly  and r a d i o a c t i v i t y  was 
assayed by l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .  E x p e r im e n ta l  d e t a i l s  
a r e  p rovided  in  the  t e x t .  Symbols: (open s q u a r e s ) ,  d e n s i ty  in  gm/cc;
(open c i r c l e s ) ,  r a d io a c t iv i ty  as CPM (co u n ts  p e r m in u te ) .
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Figure  22. Isopycnic  c e n t r i fu g a t io n  in  m e tr iz a m id e  s o l u t i o n  of 
n o n - r a d i o a c t i v e  40S ribosom al subun its  p u r i f i e d  from hyphae of Mucor 
r a c e m o s u s . R ib o so m e s  w e re  s u s p e n d e d  i n  b u f f e r  H2 p r i o r  t o  
c e n t r i f u g a t io n  a t  200,000 xg fo r  48 hours a t  20°C in  a Beckman SW50.1 
r o t o r .  F rac t io n s  were c o l l e c t e d  d ro p w ise  a f t e r  bo ttom  p u n c tu r e  of 
t u b e s .  D e n s i t i e s  were m easured  g ra v im e tr ic a l ly  and the  p resence  of 
p ro te in  was d e tec ted  sp ec tro p h o to m e tr ic a l ly  by th e  d y e - b in d in g  a s s a y  
o f B ra d fo rd  (1 9 7 6 ) .  E x p e r im e n ta l  d e t a i l s  a re  provided in  the  t e x t .  
Symbols: (open sq u a re s ) ,  d e n s i ty  in  gm /cc; (open  c i r c l e s ) ,  o f
p r o te in  complexed w ith  Coomassie Blue R-250.
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p a r t i c l e s  were found in  both p re p a ra t io n s  of mRNP*s. Again, p u r i f ie d  
40S ribosom al subun its  d isp layed  a d i f f e r e n t  bouyant d e n s i ty  from th a t  
of e i t h e r  mRNP p o p u la t io n .  The value was e s s e n t i a l l y  the  same (about 
1 .2 8  gm /cc) w h e th e r  th e  r ib o so m es  were m o n ito re d  on th e  b a s i s  of 
in co rp o ra ted  r a d i o a c t i v i t y  (F ig .  21) or p ro te in /C o o m a ss le  B lue  c o lo r  
complex formed in  the  Bradford assay (F ig .  22).
A l l  p a r t i c l e s  d i s p l a y e d  low er bouyant d e n s i t i e s  in  metrizamide 
g ra d ie n ts  than  in  CsCl g r a d i e n t s .  T h is  was n o t  u n e x p e c te d ,  s in c e  
p r o t e i n s  and n u c l e i c  a c id s  e x i s t  in  a s t a t e  of g r e a te r  h y d ra t io n  a t  
lower io n ic  s t r e n g t h  (S c o p e s ,  1982; S a e n g e r ,  1 9 8 4 ) .  The a p p a r e n t  
bou y an t d e n s i t i e s  of a l l  th e  mRNP p o p u l a t i o n s  s u g g e s t  t h a t  th e se  
s t r u c tu r e s  co n ta in  both p ro te in  and n u c le ic  a c id .  The low er d e n s i t y  
p a r t i c l e  would c o n t a i n  a g r e a t e r  and th e  h igher d e n s ity  p a r t i c l e  a 
l e s s e r  p e rcen tag e  of p r o t e i n  th a n  40S r ib o s o m a l  s u b u n i t s  ( S p i r i n ,  
1969).
SDS-PAGE Analysis of mRHP Protein Components
F ig u r e  23 d i s p l a y s  a o n e -d im e n s io n a l  S D S -p o ly ac ry lam id e  g e l  
e l e c t r o p h o r e t i c  s e p a ra t io n  of p r o t e i n s  from v a r io u s  c e l l  f r a c t i o n s  
i n c l u d i n g  i s o l a t e d  mRNP f r a c t i o n s .  Lane 1 d e p i c t s  th e  p r o t e i n  
m o le c u la r  w e ig h t  s t a n d a r d  b o v in e  serum a lb u m in  ( 6 6 , 0 0 0 - d a l t o n s ) ,  
o v a l b u m i n  ( 4 5  , 0 0 0 - d a l t o n s  ) , b o v i n e  p a n c r e a s  t r y p s i n o g e n  
(2 4 ,0 0 0 -d a l to n s )  and egg w h i te  lysozym e ( 1 4 , 3 0 0 - d a l t o n s ) . Lane 2 
r e p r e s e n t s  p r o t e i n s  from th e  s o l u b l e  p o r t i o n  of th e  c e l l  ( i . e . ,  
p r o t e i n s  t h a t  rem ain  in  s u s p e n s io n  in  a c e l l - f r e e  e x t r a c t  a f t e r  
ribosomes, RNP's and o th e r  p a r t i c u l a t e  m a te r ia l  has been sedimented a t  
a p p ro x im a te ly  200,000 xg ) .  Lane 3 re p re se n ts  the  p ro te in  composition
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F ig u re  23 . P r o te in  com position  a n a ly s i s  o f  mRNP1 s from  dorm an t 
s p o r a n g i o s p o r e s  o f  M ucor r a c e m o s u s  by sodium  d o d e c y l  s u l f a t e -  
p o ly a c r y l a m id e  g e l  e l e c t r o p h o r e s i s :  a c o m p a r i s o n  w i t h  p r o t e i n  
p o p u l a t i o n s  i n  o t h e r  c e l l  f r a c t i o n s .  mRNP's, ribosomes and s o lu b le  
c e l l  p r o te in s  were p repared  and s u b je c te d  to  SDS-PAGE as d e s c r i b e d  i n  
t h e  t e x t .  G e l s  w e re  s t a i n e d  w i t h  C o o m a s s ie  B lu e  R -2 5 0  an d  
photographed in  t ra n s m i t te d  l i g h t  as in d ic a te d  in  the  methods s e c t io n .  
I d e n t i t i e s  of s ep a ra te d  m a t e r i a l s  a r e  as  f o l l o w s :  Lane 1) p r o t e i n
s t a n d a r d s ;  l a n e  2 )  s o l u b l e  c e l l  p r o t e i n s ;  l a n e  3 )  80S r ib o so m e  
p r o t e in s ;  lan e  A) AOS r ib o s o m a l  s u b u n i t  p r o t e i n s ;  l a n e  5 )  p r o t e i n s  
from mRNP's e lu te d  in  b u f f e r  H2 (low io n ic  s t r e n g th ) ;  lan e  6 ) p r o te in s  
from mRNP's e lu te d  in  b u f f e r  H3 (50% formamide). M olecular w eigh ts  of
th e  s t a n d a r d  p r o t e i n s  (bovine serum album in, ovalbumin, t ry p s in o g e n ,
_ 3
and l y s o z y m e )  a r e  r e p r e s e n t e d  x 1 0  on  t h e  f a r  l e f t  o f  t h e  
e lec tropho re tog ra ra .
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of SOS ribosom es. Lane 4 d e p ic t s  th e  p r o t e i n  com ponents  o f  th e  40S 
ribosom al su b u n i t .  Lane 5 shows the  p r o te in s  p re s e n t  in  mRNP's e lu te d  
from  o l i g o ( d T ) - c e l l u l o s e  w i th  b u f f e r  H2. Lane 6  shows the  p ro te in s  
con ta in ed  w i th in  mRNP's e lu te d  from o l i g o ( d T ) - c e l l u l o s e  w i th  b u f f e r  
H3. The f i r s t  a p p r o p r i a t e  remark to  make about th e  da ta  would be to  
c a u t io n  t h a t ,  because t h i s  p rocedure  s e p a ra te s  p r o t e i n s  on th e  b a s i s  
o f  m o le c u la r  w e i g h t ,  a  g iv e n  s t a i n e d  band on th e  ge l may re p re se n t  
more than  a s in g le  gene p ro d u c t .  T h is  f a c t  a s i d e ,  i t  i s  c l e a r  t h a t  
e a c h  m a jo r  c e l l  f r a c t i o n  r e p r e s e n t e d  p o s s e s s e d  a  u n iq u e  s e t  of 
p r o te in s .
Both mRNP p o p u la t io n s  possessed  p r o t e i n s  n o t  d e t e c t a b l e  in  t h e  
o th e r  c e l l  f r a c t i o n s .  They a l s o  lacked  most of the  p r o te in s  found in  
the  o th e r  f r a c t i o n s ,  e s p e c i a l l y  th e  most p ro m in e n t  p r o t e i n s .  Most 
n o t e w o r t h y  among t h e  p o p u l a t i o n  o f  mRNP p r o t e i n s  i s  a b an d  
co rrespond ing  to  a  m olecu lar  w eight of a p p ro x im a te ly  2 4 ,0 0 0  d a l t o n s .  
T h i s  b an d  was t h e  m o s t  p r e d o m i n a n t  o n e ,  i t  was found  i n  b o th  
p o p u l a t i o n s  o f  mRNP's and was n o t  d e t e c t a b l e  i n  a l l  o t h e r  c e l l  
f r a c t i o n s .  S eve ra l o th e r  major p r o te in  bands, t o t a l l i n g  about twelve 
i n  number, were a l s o  found in  th e  H 2 - e lu te d  mRNP's (Lane 5 ) .  T h ese  
d isp la y ed  a  m olecu lar  w eigh t range of about 13 ,000- to  7 1 ,0 0 0 -d a l to n s ,  
w ith  most c lu s t e r e d  between 20 ,000- to  4 2 ,0 0 0 -d a l to n s .  Aside from the  
2 4 , 0 0 0 - d a l t o n  p r o t e in ,  only one o th e r  major p r o te in  of 3 2 ,0 0 0 -d a lto n s  
was found in  th e  H 3-e lu ted  mRNP's.
This f in d in g  th a t  the  p o p u la t io n  of form am ide-elu ted  mRNP's l a c k  
s p e c i f i c  p ro te in s  found in  the  mRNP's e lu te d  a t  low io n ic  s t r e n g th  i s  
c o n s i s t e n t  w i th  t h e  lo w er s e d i m e n t a t i o n  c o e f f i c i e n t s  an d  h i g h e r  
b o u y an t d e n s i t i e s  o f  th e  fo rm e r  s t r u c t u r e s  r e l a t i v e  to  th e  l a t t e r .
1X8
These p a ra m e te r s  had a l r e a d y  s u g g e s te d  t h a t  th e  fo rm a m id e -e lu te d  
p a r t i c l e s  a r e  sm alle r  and possess  a h ig h e r  p ro p o r t io n  of n u c le ic  ac id  
than the  o th e r  p o p u la t io n .  I t  i s  p o s s ib le  th a t  th e  formamide i t s e l f  
s t r i p p e d  th e  m is s in g  p r o t e i n s  from the  p a r t i c l e s .  However, a la rg e  
p o r t i o n  of th e  mRNP f r a c t i o n  e l u t e d  a t  low  i o n i c  s t r e n g t h  had  
s e d im e n ta t io n  c o e f f i c i e n t  and bouyant d e n s i ty  va lues  roughly the  same 
as observed f o r  these  p r o t e in - d e f i c i e n t  s t r u c tu r e s  sugges ting  th a t  the  
l a t t e r  may occur n a tu r a l ly  in  the  c e l l .  The s ig n i f ic a n c e  of a bimodal 
popu la t io n  of mRNP’s can o n ly  be s p e c u la t e d  upon a t  t h i s  t im e .  I t  
c o u l d  p o s s i b l y  r e p r e s e n t  th e  e x i s t e n c e  of im m atu re ,  damaged or 
s p e c i a l i z e d  s t r u c t u r e s .  I t  i s  c l e a r  from  th e  p r e s e n t  d a ta  t h a t  
n e i t h e r  p o p u l a t i o n  of mRNP's r e p r e s e n t s  40S r ib o s o m a l  subun its  in  
e i t h e r  a n a t iv e  or modified form.
S ize  D i s t r ib u t io n  of RNA P op u la t io n  I s o l a t e d  from mRNP's
F igure  24 d isp la y s  the  sed im en ta tion  c o e f f i c i e n t  d i s t r i b u t i o n  in
32a s u c r o s e  d e n s i t y  g r a d i e n t  of P - la b e l le d  RNA p u r i f i e d  from mRNP's 
t h a t  had been e lu te d  from an o l ig o ( d T ) -c e l lu lo s e  column in  b u f f e r  H2. 
I t  can  be s ee n  t h a t  th e  re c o v e re d  RNA molecules ranged in  s iz e  from 
about 10S to  23S, w ith  a mean v a lu e  of a p p ro x im a te ly  18S. T h is  i s
X
a p p r o x im a te ly  th e  same s i z e  range  rep o r ted  f o r  poly (A) RNA i s o la te d  
from M. racemosus s p o r a n g lo s p o r e s  by L in z  and O r lo w sk i  (1982) and 
s i m i l a r  to  l i t e r a t u r e  v a lu e s  f o r  mRNA from o th e r  organisms as w e ll  
( F i r t e l  and Pederson, 1975; M irkes, 1977; M artin  e t  a l ,  1980).
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F igu re  24. A nalysis  of RNA from dorm ant Mucor s p o r a n g io s p o r e
mRNP's by s e d im e n ta t io n  v e l o c i t y  c e n t r i f u g a t i o n :  d i s t r i b u t i o n  on
32sucrose  d e n s i ty  g ra d ie n ts  of P - la b e l le d  m a te r ia l  recovered in  phenol 
e x t r a c t i o n  of p oo led  H 2 - e lu a te  f r a c t i o n s  d e r iv e d  from  o l i g o ( d T ) -  
c e l l u l o s e  ch rom atography  of spore  e x t r a c t  p a r t i c l e s .  C e n t r i fu g a t io n  
of the  p u r i f i e d  RNA was fo r  18 hours a t  77,000 xg th ro u g h  a 5-to -20%  
l i n e a r  s u c r o s e  g r a d i e n t  in  a Beckman SW41 r o t o r .  F r a c t i o n s  were 
c o l l e c t e d  and c o n c o m i ta n t ly  m o n ito re d  f o r  a b s o r b a n c e  a t  254nm. 
R a d i o a c t i v i t y  was a s s a y e d  by l i q u i d  s c i n t i l l a t i o n  s p e c t r o s c o p y .
Experim ental d e t a i l s  may be found in  the  t e x t .  Symbols: ( ................... ) ,
^254 c a r r i e r  RNA w i th  known s i z e  d i s t r i b u t i o n ;  ( ------------------) ,
r a d io a c t i v i t y  expressed as CPM (coun ts  per m inu te) .
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In  i t s  p rope r  c o n te x t ,  the  p re s e n t  work sh o u ld  be c o n s i d e r e d  as 
p a r t  o f  t h e  fo u n d a tio n  of a  much more expansive  p r o je c t  i n v e s t i g a t i n g  
th e  mechanisms of d i f f e r e n t i a l  gene e x p re ss io n  u se d  to  c o n t r o l  Mucor 
s p o r a n g i o s p o r e  g e r m in a t io n  and y eas t /h y p h a  dimorphism. I t  was made 
c l e a r  by Jo h n  L in z  and M ic h a e l  O r lo w s k i  t h a t  t h e  f i r s t  p r o t e i n  
p r o d u c t s  a p p e a r in g  d u r in g  spo rang iospo re  germ ina tion  a re  sy n th e s iz ed  
from g e n e t ic  in fo rm a t io n  s t o r e d  i n  t h e  form  of m a tu r e ,  p o t e n t i a l l y  
t r a n s l a t a b l e  mRNA ( L i n z ,  1 9 8 3 ) .  T h i s  mRNA i s  made d u r in g  s p o re  
fo rm ation  but n o t  used i n  p r o te in  s y n th e s is  a t  t h a t  t im e . Many of th e  
p r o t e i n s  made d u r in g  g e r m in a t io n  a r e  n o v e l ,  n o t  a p p e a r in g  i n  th e  
developing  or m ature  s p o re .  The pre-form ed message e x i s t s  in  a s t a b l e  
b u t  u n u sed  form  in  th e  dormant sp o re ,  u n a sso c ia te d  w ith  ribosomes or 
r i b o s o m a l  s u b u n i t s .  As s o o n  a s  g e r m i n a t i o n  i s  i n i t i a t e d  by 
i n t r o d u c t i o n  of th e  sp o re s  in to  n u t r i e n t  medium (o r  re h y d ra t io n  w ith  
d i s t i l l e d  w a te r ,  f o r  t h a t  m a t te r )  s p e c i f i c  m essenger  RNA p o p u l a t i o n s  
w i t h i n  t h e  t o t a l  p o o l  of s t o r e d  mRNA a r e  somehow m o b i l i z e d  f o r  
t r a n s l a t i o n .  Ribosomal su b u n its  a re  r e c r u i t e d  in to  p o ly r ib o so m es  and 
p r o t e i n s  a p p r o p r i a t e  to  y e a s t  o r  hyphal development a re  sy n th es ized  
depending upon th e  gaseous environment of the  s p o re s .
Many q u e s t i o n s  re m a in ed  to  be an sw ered  a b o u t  th e  s e q u e n c e  of 
even ts  j u s t  r e l a t e d .  Foremost among the m ajor u n reso lved  i s s u e s  would 
be t h e  p h y s i c a l  fo rm  i n  w h ich  th e  p r e - f o r m e d  mRNA I s  s e q u e s te r e d .  
U nderstanding  t h i s  i s s u e  i s  a nece ssa ry  p r e r e q u i s i t e  to  u n d e r s t a n d i n g  
why t h e  s t o r e d  mRNA i s  s t a b l e  and  n o t  d e g r a d e d ,  why i t  i s  n o t  
t r a n s l a t e d  d u ring  dormancy, what causes the  i n i t i a t i o n  of t r a n s l a t i o n
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upon b re a k in g  dorm ancy, and how o n ly  c e r t a i n  mRNA pop u la t io n s  are  
s e le c te d  f o r  t r a n s l a t i o n .  I t  i s  th i s  i s su e  th a t  the  p re sen t  s tudy has 
focused upon.
P r o g r e s s  has been made in  t h i s  e n d eav o r  and some e le m e n ta ry  
i n f o r m a t io n  g le a n e d  ab o u t th e  form in  which mRNA i s  s to re d  in  the 
dormant sporang iospore . F ac ts  have been ga thered  about the  s t r u c tu r e s  
i n  which the  mRNA i s  seques te red  and o th e r  h y p o t h e t i c a l  a s s o c i a t i o n s  
have  been d i s p r o v e n .  The r e a s s o r tm e n t  of s u b c e l lu la r  p a r t i c l e s  in  
a s s o c ia t i o n  w i th  mRNA has been o b se rv ed  to  o c c u r  on a l a r g e  s c a l e  
d u ring  development, however, c e r t a in t y  about the  o r ig i n a l  re s id en ce  of 
some of t h e s e  i s  in  d o u b t .  I n d e e d ,  a s y s t e m a t i c  in v e s t ig a t i o n  of 
changes in  th e  in te r a c t io n s  of mRNA and i t s  a s s o c i a t e  m acro m o lecu les  
as  a f u n c t i o n  of deve lopm ent has  n o t  y e t  been a t te m p te d .  A major 
a c c o m p l i s h m e n t  i s  t h a t  we now h a v e  a p o i n t  o f  r e f e r e n c e — a 
p h y s i c o c h e m i c a l  c h a r a c t e r i z a t i o n  o f  t h e  mRNP's i n  d o rm a n t  
sporang iospores—and a re  ab le  to  address  the  q u es t io n  "where do we go 
from h e re?” I  s h a l l  next conside r in  more s p e c i f i c  terms our cu rren t  
experim enta l beachhead and sp e c u la t io n  on p o t e n t i a l  fu tu re  l a b o r a t o r y  
f  o r r a y s .
The f i r s t  c o n t r i b u t i o n  of t h i s  s tu d y  was to  c o r r o b o r a t e  th e
f i n d i n g  of L in z  and O r lo w sk i  ( 1 9 8 2 )  t h a t  mRNA, i n  t h e  fo rm  o f  
4*p o ly (A ) RNA, does e x i s t  in  the  dormant spo rang iospo re . This was done 
3
by h y b r id iz in g  [ H]poly(U) to  RNA e x t r a c t e d  from c e l l u l a r  m a t e r i a l  
t h a t  had been f r a c t io n a te d  by sucrose  d en s i ty  g ra d ie n t  c e n t r i fu g a t io n  
( F i g .  4 ) .  T h is  was a d i f f e r e n t  e x p e r im e n t a l  a p p r o a c h  t h a n  t h e  
o l i g o ( d T ) - c e l l u l o s e  column chromatography of p h e n o l-e x tra c te d  t o t a l  
c e l l u l a r  RNA p o s t - t r a n s c r i p t i o n a l l y  l a b e l l e d  w i t h  [ H] d i m e t h y l
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s u l f a t e , w hich had been employed by th e  p re v io u s  r e s e a rc h e r s .  In
+
a d d i t io n  to  dem onstrating the  mere p re s e n c e  of p o ly  (A) RNA, th e  new 
method a l lo w e d  a s i z e  d e t e r m i n a t i o n  f o r  w h a te v e r  form in  which i t  
occu rred . Most of t h i s  RNA was found i n  th e  30-70S r e g io n  of th e  
g r a d i e n t s  w i th  p eak s  a t  ab o u t 40S and 55S. S ince i t  had been shown 
th a t  p u r i f i e d  poly(A)+RNA from dormant sporang iospores  i s  on the  o rder  
of 6S-to-20S in  s iz e  (Linz and Orlowski, 1982), n a t iv e  mRNA must e x i s t  
i n  a g g r e g a t e s  w i th  o t h e r  m a c r o m o le c u le s ,  m o s t  l i k e l y  p r o t e i n s  
according  to  the  ex tan t  l i t e r a t u r e .
T h i s  s e m i n a l  e x p e r im e n t  a l s o  r e i t e r a t e d  a p re v io u s  f i n d i n g  
(O r lo w s k i  and  S y p h e r d ,  1 9 7 8 c ;  L in z  and  O r l o w s k i ,  1 9 8 2 )  t h a t  
p o l y r i b o s o m e s  a r e  t o t a l l y  a b s e n t  from  dorm ant s p o r a n g io s p o r e s .  
Moreover, the  few 80S monoribosomes found in  the  spores a re  a p p a ren tly  
n e i th e r  a c t iv e  in  t r a n s l a t i o n  nor a r r e s t e d  in  th e  a c t  of t r a n s l a t i o n  
b eca u se  th e y  have no poly (A) RNA a sso c ia te d  w ith  them. In a c t iv e  40S 
and 60S r ib o s o m a l  s u b u n i t s  o f t e n  condense  t o g e t h e r  to  fo rm  80S 
p a r t i c l e s  i n  t h e  a b s e n c e  o f  mRNA o r  f a i l  t o  d i s s o c i a t e  a f t e r  
c o m p le t io n  of t r a n s l a t i o n .  D i s s o c i a t i o n  of such  s t r u c t u r e s  c an  
u s u a l l y  be f o r c e d  by h i g h  s a l t  c o n c e n t r a t i o n  ( M a r t in ,  1 9 7 3 ) .  
A ccordingly, the  b u ffe r  in  t h i s  experiment was 500 mM w ith  re sp e c t  to  
KC1, a c o n c e n t r a t i o n  th a t  i s  u s u a l ly  e f f e c t iv e  but may not have been 
completely so he re .
A th i r d  c o n t r ib u t io n  th a t  t h i s  experiment made was to demonstrate 
th a t  the  s to re d  mRNA is  immediately used in  p ro te in  sy n th es is  upon the  
i n i t i a t i o n  of sporang iospore  g e r m in a t io n .  P r e v io u s  work had shown 
th a t  polyribosomes immediately form upon hy d ra tio n  of the  spores (Linz 
and Orlowski, 1982) and th a t  the  p ro te in s  syn thes ized  a t  th i s  time by
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and la rg e  r e f l e c t  t h e  c o m p o s i t io n  of th e  mRNA p o o l in  t h e  dorm ant
s p o r e ,  as d e te r m in e d  by 2-D PAGE a n a ly s i s  of r a d io a c t i v e l y - l a b e l l e d
p ro te in s  made i n  v ivo  and comparison w i th  th o s e  t r a n s l a t e d  jLn v i t r o
from  p u r i f i e d  mRNA (L in z  and O rlow sk i,  1984). F urtherm ore , n e i th e r
poly(A)"*RNA nor RNA of any s o r t  i s  made a t  t h i s  t im e ,  a d d in g  to  th e
e v id e n c e  t h a t  th e  s t o r e d  mRNA m ust s e r v e  as  th e  t e m p la t e  f o r  the
p r o t e i n s  t h a t  a p p e a r  de novo i n  e a r l y  g e r m i n a t i o n .  The p r e s e n t
e x p e r im e n t  showed th a t  th e  polyribosom es and 80S monoribosomes formed
w ith in  minutes a f t e r  immersing the  spores  in  l i q u i d  YPG medium c a r r y
3
w i th  them most of th e  [ H ]p o ly (U )-h y b r id izab le  m a te r ia l  t h a t  had been 
co n cen tra ted  in  th e  30-70S reg ion  of the  g ra d ie n t  during  dormancy.
I n  t h e  f u t u r e  i t  w i l l  be o f g r e a t  I n t e r e s t  to  i s o l a t e  t h e  
s t r u c tu r e s  (pmRNP's) in  which the  p o ly r ib o so m e-asso c ia ted  mRNA re s id e s  
f r e e  from a l l  r ibosom al m a te r ia l  by EDTA trea tm en t and to  compare them 
w i t h  t h e  f r e e  s t r u c t u r e s  (m ost l i k e l y  cmRNP’ s b u t  p e rh a p s  a l s o  
HnRNP's) in  which the  mRNA re s id e s  in  th e  dormant s p o re s .  I t  would be 
o f  c o n s i d e r a b l e  im p o r ta n c e  to  e x t r a c t  and  c o m p a re  by i n  v i t r o  
t r a n s l a t i o n  the  p o p u la t io n  of raRNA's found in  pmRNP's w ith  those  found 
i n  cmRNP ’ s . ■ We a l r e a d y  know t h a t  t r a n s l a t i o n  a t  t h i s  s t a g e  of 
development i s  s e l e c t i v e  (Linz and O rlow ski, 1985), bu t we do no t know 
how t h i s  i s  accomplished a t  the  m olecu lar  l e v e l .  F o r  ex am p le ,  we do 
n o t  know i f  a l l  mRNA’ s a r e  i n d i s c r i m i n a t e l y  m o b i l i z e d  i n t o  
p o l y r i b o s o m e s  and  some t r a n s l a t i o n s  a r e  n o t  i n i t i a t e d ,  some 
t r a n s l a t i o n s  a r e  a r r e s t e d  o r  a b o r t e d ,  o r  some p r o te in  p roduc ts  a re  
degraded w h ile  s t i l l  n a sc e n t ;  o r  i f ,  a l t e r n a t i v e l y ,  s p e c i f i c  mRNA's 
a r e  n o t  r e c r u i t e d  i n t o  p o ly r ib o s o m e s  u n l e s s  th e  e n v iro n m e n t  so 
d i c t a t e s .  Determining th e  simple q u e s t io n  of w hether the  p o p u l a t i o n s
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o f  mRNA's i n  pmRNP' s a re  th e  same or d i f f e r e n t  from those  in  cmRNP's 
i s  p re c e d u ra l ly  s t r a ig h t f o r w a r d ,  in v o lv in g  pheno l e x t r a c t i o n  of mRNA 
from  p o ly r ib o so m e  and so lu b le  cy top lasm ic  c e l l  f r a c t i o n s  fo llow ed by 
i n  v i t r o  t r a n s l a t i o n  of each and 2-D .PAGE and a u t o r a d i o g r a p h y .  The 
o n l y  l i m i t a t i o n  may be th e  m in u te  q u a n t i t i e s  o f  praRNA o r  cmRNA 
a v a i l a b l e .
The p r e s e n t  s t u d y  h a s  d e m o n s t r a t e d  t h a t  a p a r t i c u l a t e
s p o r a n g i o s p o r e  f r a c t i o n  can  be p repared  and s t r u c t u r e s  s e q u e s te r in g
p o ly ( A ) +RNA i s o l a t e d  from  i t  by means of o l i d o ( d T ) - c e l l u l o s e  o r
p o ly ( U ) - s e p h a r o s e  a f f i n i t y  column chromatography ( F ig s .  5 -1 0 ) .  These
s t r u c t u r e s  c o n t a i n  b o t h  p r o t e i n  ( d e t e c t a b l e  a s  i n c o r p o r a t e d  
35L—[ S ] m e t h i o n i n e  o r  A2 g Q) a n d  n u c l e i c  a c i d  ( d e t e c t a b l e  a s
32 3[ P ]o rthophosphate  or A2^ )  and they  h y b r id iz e  w ith  [ H ]p o ly (U ) .  As
e x p e c t e d ,  m ost of t h e  p a r t i c u l a t e  m a t e r i a l  i n  th e  c e l l  r e p re se n ts
ribosom es. This  m a te r i a l  does no t bind to  o l ig o ( d T ) - c e l lu lo s e  and can
be i d e n t i f i e d  on s u c r o s e  d e n s i t y  g r a d i e n t s  ( F i g .  1 3 ) .  Some
c o n t r i b u t i o n  from  n u c leo so m es  and HnRNP's may a l s o  e x i s t  i n  th e
p a r t i c u l a t e  f r a c t i o n  bu t we had no way of r e a d i l y  a s s a y i n g  f o r  t h e s e
s t r u c t u r e s .  The p r e s e n c e  of th e  former p a r t i c l e s  would be expected
b u t ,  b e c a u s e  th e y  do n o t  b in d  to  o l i g o ( d T ) - c e l l u l o s e ,  would n o t
i n t e r f e r e  w ith  the  p re s e n t  s tudy of RHP*s. The p resence  of th e  l a t t e r
p a r t i c l e s  c o u l d  c o m p l i c a t e  t h e  i n t e r p r e t a t i o n  of o u r  r e s u l t s ,
e s p e c ia l l y  i f  the  h y p o th e t ic a l  HnRNP's were p o lyadeny la ted  and p re se n t
in  l a rg e  q u a n t i t i e s .  We could n o t  break open th e  to u g h - w a l l e d  Mucor
s p o r a n g io s p o r e s  w ith o u t  a l s o  ru p tu r in g  th e  n u c le i ,  which could  r e s u l t
i n  r e l e a s i n g  any HnRNP's and m ix in g  them i n  w i th  th e  c y to p la s m ic
mRNP's.
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Me h a v e  no h a r d  e v id e n c e  to  d i s p r o v e  t h a t  o u r  p r e p a r a t i o n s  
con ta in ed  HnRNP's, but we f e e l  th a t  such p o t e n t i a l  c o n ta m in a t i o n  was 
m in im a l f o r  s e v e r a l  re a so n s .  F i r s t ,  most HnRNP's a re  r e p o r te d ly  not 
p o lyadeny la ted  (M artin  e t  a l . ,  1980). A d d itio n  of the  poly(A) t a i l  i s  
t h e  l a s t  e v e n t  i n  th e  p r o c e s s i n g  o f th e  mRNA i n  H n R N P 's .  Soon  
t h e r e a f t e r ,  an RNP c o n t a i n i n g  poly(A )+RNA i s  t r a n s p o r te d  out of the  
nuc leus  and can be cons ide red  a cmRNP. Most HnRNA i n  HnRNP's i s ,  i n  
f a c t ,  n e v e r  p o ly a d e n y la te d  a t  a l l .  Most of i t  i s  degraded b e fo re  i t  
reaches  th a t  p o in t  (P ad g e tt  e t  a l . ,  1 9 8 6 ) .  S e co n d , HnRNP's c o n t a i n  
m o s t ly  immature mRNA which s t i l l  p o sse sse s  in t r o n s  and i s  much longer 
than  th e  f i n a l  p r o d u c t .  I n  v i t r o  t r a n s l a t i o n  o f  t h e s e  HnRNA's o r  
t h e i r  s h e a r e d  f r a g m e n ts  would y ie ld  many anomolous sp o ts  in  2-D PAGE 
a n a ly s i s  of the  p ro d u c ts .  Linz and Orlowski (1984, 1985, 1986) never 
o b s e r v e d  such  anomolous s p o ts .  P r a c t i c a l l y  every  spo t re p re s e n t in g  a 
p r o te in  sy n th e s iz ed  Jri v i t r o  could be matched w ith  a spo t r e p re s e n t in g  
a  p r o te in  made fn  v i v o . T h e re  w ere no a n o m o lo u s ly  l a r g e  p r o d u c t s  
( t r a n s l a t i o n  of HnRNA's) o r  s m a l l  p r o d u c t s  ( f r a g m e n ts  of HnRNA's) 
form ed i n  t h e  jLn v i t r o  s y s te m .  J u s t  a b o u t  a l l  o f  t h e  ^ n  v i t r o  
t r a n s l a t a b l e  p o ly (A )+RNA e x t r a c t e d  from  th e  dormant spo rang iospo re  
g en era ted  p r o te in  p roduc ts  i n d i s t i n g u i s h a b l e  from  th o s e  s y n t h e s i z e d  
from bone f i d e  mRNA in  the  i n t a c t  l i v in g  c e l l .  We make the  t e n t a t i v e  
i n t e r p r e t a t i o n  th a t  most of t h i s  m a te r ia l  was, i n  f a c t ,  g e n u in e  mRNA 
r a t h e r  t h a n  immature HnRNA. We f u r t h e r  make the  t e n t a t i v e  assum ption 
t h a t  t h i s  mRNA i s  r e s id e n t  in  mRNP's r a t h e r  th a n  HnRNP's. S in c e  we 
have a l re a d y  shown th a t  th e re  a re  no pmRNP's i n  th e  dormant spo re , we 
su g g es t  th a t  th e  s t r u c t u r e s  we have  c h a r a c t e r i z e d  a r e  m ost l i k e l y  
cmRNP' s .
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We r e a l i z e  t h a t  t h i s  a s s e r t i o n  c an n o t be s u b s t a n t i a t e d  u n t i l  
someone dev ises  a technique fo r  recovering  a h igh  percen tage  of i n t a c t  
n u c le i  from Mucor sporang iospo res . I n t a c t  n u c le i  have been r e c o v e re d  
a t  low y ie ld s  from Mucor hyphae a f t e r  d ig e s t io n  of the  c e l l  w all w ith  
c h i t l n a s e  and c h i t o s a n a s e  and s u b se q u e n t  g e n t l e  r u p t u r e  o f  t h e  
o s m o t i c a l l y  f r a g i l e  p r o t o p l a s t s  ( P . S .  S y p h e r d ,  p e r s o n a l  
communication). However, in  a d d i t i o n  to  c h i t i n  and" c h i t o s a n ,  th e  
spore w a l l  con ta in s  la rg e  amounts of u n c h a rac te r iz ed  p r o te in s ,  g lucans 
and melanin among o th e r  compounds. The la rg e  c o l l e c t io n  of h y d ro ly t ic  
enzymes r e q u i r e d  to  d ig e s t  t h i s  assemblage of macromolecule may very 
w e ll  damage re le a se d  n u c le i .  C e r ta in ly  the  long p e r io d  of t im e  t h a t  
would be req u ired  to  s u f f i c i e n t l y  hydrolyze the  th ic k  m u l t i l a y e r  spore 
w all could a llow  many changes to  occur in  the  nuc leus , in c lu d in g  both 
the  c o n t in u a t io n  of norm al mRNA p r o c e s s in g  and a b e r r a n t  r e a c t i o n s  
p rovoked  by th e  a c u t e l y  s t r e s s f u l  c o n d i t io n s .  Although p r o to p la s t s  
a r e  commonly o b ta in e d  from th e  v e g e t a t i v e  c e l l s  o f  f u n g i  t h e i r  
g e n e r a t i o n  from f u n g a l  s p o re s  i s  v e ry  r a r e  (P eb e rd y  and Ferenczy, 
1985). Although the  conid lospores  of a few spec ies  of ascomycetes and 
d e u te ro m y c e te s  have y i e l d e d  p r o t o p l a s t s  t h e r e  a r e  no r e p o r t s  o f  
p r o t o p l a s t  p r o d u c t io n  from th e  u n g e rm in a te d  sporangiospores  of any 
zygomycete (Peberdy and Ferenczy, 1985).
Assuming th a t  what we have i s o la t e d  from dormant s p o ra n g io s p o r e s  
o f M. racem osus  a r e  i n  f a c t  cmRNP*s, we can proceed to  compare and 
c o n t r a s t  the  p ro p e r t ie s  of th ese  s t r u c t u r e s  w i th  th o s e  r e p o r t e d  f o r  
cmRNP*s from o th e r  systems. Measurements of sed im enta tion  c o e f f i c i e n t  
d i s t r i b u t i o n s  i n  s u c r o s e  d e n s i t y  g r a d i e n t s  f i r s t  s u g g e s te d  th e  
e x is ten c e  of two popu la tions  of cmRNP * s , one w i th  a d i s t r i b u t i o n  of
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a p p r o x i m a t e l y  2 0 - 5 0 S  and a mean s i z e  o f  40S and a n o t h e r  w i th  a 
d i s t r i b u t i o n  of about 50-70S and a mean s i z e  o f  p e rh a p s  55S . T hese  
v a lu e s  a r e  l a r g e r  th a n  some r e p o r t e d  f o r  v a r i o u s  a n im a l  and y e t  
sm a l le r  than  o t h e r s  (T a b le  1 ) .  They m ost c l o s e l y  a p p ro x im a te  th e  
v a l u e s  a s c r i b e d  to  c h ic k e n  m u sc le  cmRNP’ s ( J a i n  and S a rk a r ,  1979) 
among th e  a n im a l  s y s t e m s . V a lu es  f o r  th e  Mucor s t r u c t u r e s  more 
c l o s e l y  a p p ro x im a te  th o se  re p o r te d  fo r  o th e r  p r o t i s t s .  The oomycete 
B l a s t o c l a d i e l l a  (Jaw orsk i and Stumhofer, 1981) showed th e  same o v e r a l l  
s i z e  d i s t r i b u t i o n  (2 0 -8 0 S )  f o r  t h e s e  p a r t i c l e s  as  th e  zygom ycete  
M ucor. The a sc o m y c e te  N e u ro sp o ra  (M irkes, 1977) and the  myxomycete 
Physarum  (Adams e t  a l . ,  1980; 1 9 8 1 )  h a d  o n l y  s l i g h t l y  s m a l l e r  
p a r t i c l e s ,  d i s p l a y i n g  a r a n g e  of 15-60S and 18-60S  r e s p e c t i v e l y .  
Bimodal p o p u la t io n s  of cmRNP’ s were d e sc r ib e d  f o r  both  B l a s t o c l a d i e l l a
and Neurospora and, as in  t h e  Mucor s y s te m ,  th e y  d id  n o t  d i s p l a y  a
d i s t i n c t  s e p a ra t io n  on sucrose  g r a d ie n t s .  I n  N eurospora , as i n  Mucor,
t h e  d i f f e r e n t  p o p u l a t i o n s  w ere  made e v i d e n t  by th e  c o n d i t i o n s  of 
e lu t io n  from an o l ig o ( d T ) - c e l lu lo s e  column. P a r t i c l e s  e l u t e d  i n  50% 
form am ide w ere  s m a l l e r  and la c k e d  p r o t e i n s  found  i n  the  p a r t i c l e s  
e lu te d  a t  low io n ic  s t r e n g th ,  f a c t s  w hich w i l l  be expounded  upon a t  
g r e a te r  le n g th  below.
The b i m o d a l i t y  o f  cmRNP' s  from  Mucor sp o ra n g io sp o re s  was most 
apparen t in  iso p y cn ic  c e n t r i f u g a t io n  ru n s .  Whether the  s e p a ra t io n  was 
e f f e c te d  on fo rm a ld e h y d e -f ix e d  p a r t i c l e s  i n  CsCl g r a d i e n t s  o r  non­
d e n a tu r e d  ( n a t iv e )  p a r t i c l e s  in  m etrizam ide g r a d ie n t s ,  two peaks were 
always observed in  H 2 -e lu a te s .  These had  b o u y a n t  d e n s i t i e s  o f  1 .3 7  
gm/cc and 1.59 gm/cc in  the  former case and 1.15 gm/cc and 1 .30 gm/cc 
in  th e  l a t t e r  in s t a n c e .  Only th e  denser p a r t i c l e s  were observed in  H3
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(fo rm am id e)-e lu a tes  and corresponded to  the  s m a l l e r  p a r t i c l e s  on th e  
s u c r o s e  g r a d i e n t s .  Lower l i m i t  b o u y a n t  d e n s i t i e s  in  CsCl s o lu t io n  
recorded  f o r  animal systems a re  about th e  same as  o b s e rv e d  i n  M ucor, 
v a r y i n g  from  1 .3 5  gm/cc i n  t r o u t  t e s t e s  to  1 .4 1  gm/cc in  c h ick e n  
m usc le  (T a b le  1 ) .  Upper l i m i t  v a lu e s  o f  a b o u t  1 .4 7  gm /cc in  sea  
u r c h i n  eggs  a r e  somewhat lower th a t  th e  Mucor v a lu es  (Table  1 ) .  The 
on ly  o th e r  v a lu es  a v a i l a b le  f o r  a  p r o t i s t  system  w ere  c o l l e c t e d  f o r  
th e  fungus N eurospora . These vary  from a low d e n s i ty  of 1 .42 gm/cc to  
a h ig h  v a lu e  of 1 .5 0  gm /cc . I n  m e t r iz a m id e  s o l u t i o n ,  th e  an im al 
p a r t i c l e s  a re  midway be tw een  th e  two Mucor p e ak s  (T a b le  1 ) .  T h is  
p a r a m e te r  h a s  been  m easured  i n  o n ly  one o th e r  fungus, th e  oomycete 
B l a s t o c l a d i e l l a  (Jaw orsk i and S tu m h o fe r ,  1 9 8 1 ) .  The v a lu e  o f  1 .2 7  
gm /cc m easu red  in  t h i s  system i s  c lo s e r  to  th e  h ig h e r  va lu e  recorded  
f o r  Mucor.
I t  i s  a sim ple consequence of the  laws of p h y s ic a l  chem istry  th a t  
a h ig h e r  bouyant d e n s i ty  in  CsCl s o lu t io n  im p l ie s  a lo w er  p r o p o r t i o n  
o f  p r o t e i n  to  RNA i n  any r ib o n u c le o p ro te in  s t r u c t u r e .  C onverse ly , a 
lower bouyant d e n s i ty  mandates th a t  th e re  i s  a  g r e a t e r  p e r c e n t a g e  of 
t o t a l  mass th a t  i s  p ro te in aceo u s  in  com position . This i s  because pure 
p r o t e i n  i s  much l e s s  com pact and d e n se  th a n  p u re  RNA u n d e r  th e s e  
co n d it io n s  of reduced h y d ra t io n  (T an fo rd , 1961). V arious a u th o rs  have 
a ttem pted  to  compute th e  r a t i o  of protein/RNA b a se d  upon t h e  bouyan t 
d e n s i t i e s  of RNP's in  CsCl s o lu t io n ,  however, th e re  i s  q u i t e  a  b i t  of 
d i s c r e p e n c y  in  t h e  c a l c u l a t i o n s  made and i n  th e  b a s e - l i n e  v a lu e s  
employed. For example, a  r ib o n u c le o p ro te in  p a r t i c l e  w ith  a d e n s i ty  of 
a b o u t  1 .4 1  gm/cc has been v a r io u s ly  c a lc u la te d  to  co n ta in  75% p r o t e in  
( S p i r i n ,  1969), 80% p r o te in  (P e r ry  and K e lley ,  1966) and 85% p r o t e i n
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(H am ilton, 1971), The bouyant d e n s ity  of p u r if ie d  RNA which i s  taken  
in to  th e  c a l c u l a t i o n s  has been  v a r io u s ly  r e p o r te d  as 1 .6 6  gm /cc 
(Kaumeyer e t  a l . ,  1978; Moon e t  a l . ,  1980), 1.87 gm/cc (Irw in  e t  a l . ,  
1975) and >1.9 gm/cc (Rickwood, 1978) in  CsCl s o lu tio n . R eso lu tio n  of 
t h i s  i s s u e  was o n ly  confounded  when d i r e c t  measurements of RNA and 
p ro te in  co n ten t by th e  o rc in o l and Lowry methods y ie ld e d  s ig n i f ic a n t ly  
h ig h e r e s tim a te s  o f th e  p ro te in /R N A  r a t i o ,  on th e  o rd e r  o f 90% o r 
h ig h e r  (K arn  e t  a l . ,  1977; B i l l in g s  and M artin , 1978; M artin  e t  a l . ,  
1 9 8 0 ). Even th e  th o ro u g h ly  s tu d ie d  r ib o s o m e , w h ic h  h a s  a w e l l  
e s t a b l i s h e d  bouyan t d e n s i ty  in  CsCl s o lu t io n  of about 1.56 gm/cc in  
most e u k a ry o tic  c e l l s ,  has been v a rio u s ly  d esc rib ed  as b e ing  composed 
o f tw o - th i r d s  (L ak e , 1985), 50-60% (N o lle r , 1984) and 50% (McConkey, 
1974) RNA. Based upon the bouyant d e n s i t ie s  measured in  CsCl s o lu tio n  
fo r  Mucor ribosom es (approx im ately  1 .56 gm /cc), the  p re se n t d a ta  seem 
r e l i a b l e .  T h is  f ig u r e  com pares w ith  v a lu e s  of 1.56 gm/cc and 1.58 
gm/cc re c e n tly  measured fo r  ribosom es of Artemi a s a l i n a  ( S ie g e r s  and 
K ondo, 1977) and N e u ro sp o ra  c r a s s a  (M irkes, 1977) in  CsCl s o lu tio n . 
Using the  d a ta  c o lle c te d  in  th i s  study  and em ploying th e  e q u a t io n  of 
Ham ilton (1971), which s ta t e s  th a t
% P ro te in  = (1 .8 7 ) -  ( p eq ) /  (0 .0040) x ( p eq ) ,
i t  was c a l c u l a t e d  t h a t  th e  l a r g e r  mRNP's co n ta in  about 90% p ro te in  
(10% RNA) and the  sm a lle r d e n se r  mRNP's co m p rise  a p p ro x im a te ly  45% 
p r o t e i n  (55% RNA). The 40S ribosom al su b u n its  of Mucor th e o r e t ic a l ly  
c o n t a i n  r o u g h ly  50% p r o t e i n  (50% RNA) b a s e d  u p o n  t h e  a b o v e  
r e l a t i o n s h i p .  T hese  c a lc u la te d  va lu es  w i l l  be seen to  compare q u ite  
fav o rab ly  w ith  th e  p ro te in  an aly ses d isp lay ed  below.
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Is o p y c n ic  b an d in g  of n a tiv e  mRNP's on m etrizam ide g ra d ie n ts  has 
g e n e ra lly  shown the  same q u a l i t a t iv e  re la t io n s h ip s  as observed on CsCl 
g r a d ie n ts  (M a rtin  e t  a l . ,  1 9 8 0 ) . The same was t r u e  in  th e  Mucor 
sy s te m . The r ib o n u c le o p r o te in  p a r t i c le s  a re  non-denatured  and more 
com pletely  h y d ra te d  in  m e tr iz a m id e  s o lu t io n  th a n  th e y  a re  in  CsCl 
s o lu t io n .  T h ere fo re  they d isp la y  lower bouyant d e n s i t ie s .  However, a 
b im odal d i s t r i b u t i o n  of p a r t i c l e s ,  w ith  one p o p u la tio n  more and the  
o th e r le s s  dense than  ribosom es, i s  s t i l l  o b s e rv e d . T h ere  seems to  
have been l i t t l e  or no a ttem pt in  the l i t e r a t u r e  to  q u a n tify  the  r a t io  
o f  p ro te in /R N A  i n  R N P's b ased  on m easured  b o u y an t d e n s i t i e s  in  
m e triz a m id e  g r a d ie n ts  and we have made no a t te m p t  to  do so h e r e .  
S in c e  th e  so u rc e  o f mRNP sam ples w ere th e  same here  as in  the  CsCl 
ru n s , one would p re d ic t  the  same protein/RNA r a t io s  in  each of the  two 
peaks as p re v io u s ly  observed.
The p r o t e in  c o m p o s itio n  o f Mucor s p o r a n g io s p o r e  cmRNP' s i s  
d is p la y e d  on th e  SD S-polyacrylam ide e lec tro p h o re to g ram  shown in  F ig . 
23. I t  i s  n o tab le  th a t  the 52 ,000- and 7 8 ,0 0 0 -d a lto n  p ro te in s  u su a lly  
(b u t no t a lw ays) found  in  cmRNP' s from  an im al c e l l s  a re  a b s e n t  in  
th e s e  s t r u c t u r e s  from  M ucor. T h ere  i s  a 7 1 ,0 0 0 -d a l to n  p ro te in  in  
H 2-elu ted  sporang iospore cmRNP*s and perhaps i t  re p re se n ts  th e  fu n g a l 
form  of t h i s  gene p ro d u c t .  I t  was c la im ed  t h a t  a 7 2 ,0 0 0 - d a l to n  
p ro te in  was a sso c ia te d  w ith  poly(A) t a i l s  of mRNA ( th e  p u t a t i v e  r o le  
o f  th e  7 8 ,0 0 0 - d a l to n  p r o t e in  in  an im al R N P 's) in  th e  s l im e  mold 
D lc ty o ste liu m  ( F i r t e l  and P ederson , 1 9 7 5 ). The f i v e  m a jo r p r o t e in s  
d e s c r ib e d  in  cmRNP1 s o f B l a s t o c l a d i e l l a , however, do not in c lu d e  a 
m o lecu le  in  t h i s  s i z e  r a n g e , t h e  c l o s e s t  b e in g  6 4 ,0 0 0 - d a l t o n s  
(Jaw orsk i and Sturahofer, 1981).
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Upon e x a m in a tio n  o f th e  c u rre n t meager l i t e r a t u r e ,  the  organism 
p o ssess in g  a d i s t r ib u t io n  of mRNP p ro te in s  most s im ila r  to  t h a t  found 
in  Mucor would be N eu ro sp o ra  (M irk e s , 1 9 7 7 ). The fo llo w in g  ta b le  
a t t e m p ts  to  co m p are  th e  p r o t e i n  c o m p o n e n ts  o f  th e  tw o m a jo r  
p o p u la tio n s  of mRNP's from Mucor and N eurospora (T able 2 ) .
Table 2 : P ro te in  Components of mRNP's from Mucor and Neurospora
Large P a r t i c le s
Mucor
Sm all P a r t i c le s
Neurospora 










P r o t e i n s  a re  c h a r a c te r i z e d  in  te rm s o f  t h e i r  m o le c u la r  w e ig h ts .  
Values in  b o ld -face  type re p re se n t m ajor p ro te in s .  "Large p a r t i c l e s ” 
w ere e lu te d  from  o l ig o ( d T ) - c e l lu lo s e  a t low io n ic  s t r e n g th .  "Small 
p a r t i c l e s "  were e lu te d  from o lig o (d T )-c e llu lo s e  w ith  50% form am ide as 
recounted  in  the  t e x t .
I t  i s  e v id e n t  t h a t  th e r e  i s  ro u g h ly  th e  same number and s iz e  
d i s t r ib u t io n  of mRNP-proteins in  the  two organism s. F u r th e rm o re , th e  
m a jo r  p r o t e i n s  a r e  o f  r o u g h ly  th e  same s i z e ,  as a re  th e  m inor 
p ro te in s .  M oreover, th e  p a r t i c l e s  e lu te d  a t  50% form am ide in  bo th  
sy s te m s  d is p la y  a d r a s t i c  r e d u c t io n  in  th e  number of p ro te in s  from 
th a t  observed in  the  p a r t i c l e s  e lu te d  a t  low io n ic  s t r e n g th .  Only two 
p ro te in s  rem ain in  th e  Mucor p a r t i c l e s  and but one in  th e  N e u ro sp o ra  
mRNP's. I n  th e  Mucor sy s te m  th e s e  re m a in in g  p r o te in s  a re  c le a r ly  
id e n t ic a l  to  two m olecules p re sen t in  th e  la rg e r  mRNP's. The 24,000-
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d a l to n  p r o t e in  I s  c l e a r l y  th e  p re d o m in a n t form  in  bo th  c a se s . In  
N eurospora, only  a 27 ,0 0 0 -d a l to n  p r o t e in  rem a in s  in  50% fo rraam ide- 
e lu te d  mRNP's. T h is  p r o t e in  may be i d e n t i c a l  to  th e  2 4 ,0 0 0 -  o r
31 ,0 0 0 -d a lto n  m o le c u le s ,  w hich  a r e  c o -p re d o m in a n t p r o t e in s  in  th e  
la r g e r  Neurospora p a r t i c l e s .
I n  b o th  th e  Mucor and N eurospora system s th e se  p ro te in  an a ly ses  
make i t  q u ite  c le a r  why the  50% fo rm a m id e -e lu te d  mRNP's a r e  s m a l le r  
and denser than  the  p a r t i c le s  e lu te d  a t  low io n ic  s t r e n g th .  They have 
many few er p r o t e in s  a n d , assum ing  th a t  th e  le n g th  o f mRNA i s  not 
d r a s t i c a l ly  d i f f e r e n t  in  the  two types of p a r t i c l e s ,  they have a lower 
protein/RNA r a t i o  and a co n se q u e n t g r e a t e r  bo u y an t d e n s i ty  in  CsCl 
s o lu tio n .
In  n e i th e r  the  Mucor nor Neurospora system  can I t  be c e r ta in  th a t  
th e  s m a l le r  p a r t i c l e s  a re  n o t a r t i f a c t s  caused by formamide-induced 
d is s o c ia t io n  of p ro te in s  from RNA. J u s t  as formamide re le a s e s  poly(A) 
sequences from poly(U) o r o ligo (dT ) sequences by d i s r u p t i n g  h yd rogen  
b o n d in g , so i t  can f r e e  p ro te in s  from a s s o c ia t io n  w ith  n u c le ic  a c id s . 
In  f a c t ,  a t  a h igh  enough c o n c e n t r a t io n  o f form am ide (c a  90% ), a l l  
p r o t e in s  and n u c le i c  a c id s  become c o m p le te ly  denatured  in to  l in e a r  
ro d - l ik e  form s. Arguing a g a in s t th i s  i n t e r p r e t a t i o n  i s  th e  p re s e n c e  
o f  th e  s m a l l e r ,  d e n s e r  p r o t e i n - d e f i c i e n t  p a r t i c l e s  even in  the  low 
io n ic  s tre n g th  e lu a te  la ck in g  any formamide. L es t one be made overly  
co m p lacen t by th e  l a s t  c o m fo rtin g  argum ent, a f i n a l  c au tio n  must be 
r a is e d  about th e  w ell-know n a b i l i t y  of h ig h  s a l t  c o n c e n t r a t io n s  to  
d i s s o c i a t e  w e a k ly -b o u n d  p r o t e in s  from  n u c le i c  a c i d s .  I t  i s  an 
in e scap ab le  f a c t  th a t  the  co n d itio n s  re q u ire d  to  cause p o ly (A )+RNA to  
b in d  to  o l i g o ( dT)—c e l l u l o s e  (ap p ro x im ate ly  0 .5  M) could conceivab ly
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cause some p ro te in  components to  d is s o c ia te  from mRNP’ s .  T h is  can n o t 
be c o r r e c te d  i f  b inding  to  o l ig o (d T )-c e llu lo s e  i s  to  rem ain th e  major 
c r i t e r i o n  f o r  d e f in in g  and r e c o v e r in g  mRNP's. H ow ever, one m ust 
s t r i v e  to  become c o g n iz a n t  o f a l l  l i m i t a t i o n s  of m ethodo logy  and 
r e a l i z e  th a t  most b io lo g ic a l  system s a re  recognized  and d e f in e d  on an 
o p e ra tio n a l b a s is .
An im p o r ta n t  c o n tr ib u tio n  of the  fo rego ing  p ro te in  a n a ly s is ,  not 
to  be overlooked, i s  the  e s tab lish m en t of n o n - id e n tity  between p ro te in  
p o p u la tio n s  from  rib o so m es  and mRNP’ s .  T hese f in d in g s  r e f u t e  th e  
p o s s i b i l i t y  t h a t  th e  s t r u c t u r e s  we have re c o v e re d  on o l ig o ( d T ) -  
c e l lu lo s e  columns a re  m ere ly  80S rib o so m es a r r e s t e d  in  th e  a c t  of 
t r a n s l a t i o n  o r 40S r ib o s o m a l s u b u n i ts  in  t r a n s l a t i o n  i n i t i a t i o n  
com plexes w ith  mRNA. We t h e r e f o r e  d i s c o u n t  su c h  h y p o t h e t i c a l  
m echanism s as p o ss ib le  s t r a te g ie s  Mucor m ight employ to  s to re  mRNA in  
th e  dormant sporang iospore  and to  p rec lu d e  i t s  p re m a tu re  u t i l i z a t i o n  
in  p ro te in  s y n th e s is .
A cco rd in g  to  c u r r e n t  th o u g h t (M a rtin  e t  a l . ,  1980) i t  i s  the  
p ro te in  component of mRNP’ s which c o n t r o l s  e x p re s s io n  o f t h e i r  mRNA 
c o n te n t .  The p re sen t s tudy  has e lu c id a te d  the  p ro te in  com position of 
only non-polysom al mRNP's. Another lo g ic a l  e x te n s io n  o f th e  p r e s e n t  
work would be to  do a com parative a n a ly s is  of the  p ro te in  com positions 
o f pmRNP' s and cmRNP’ s ,  e s p e c i a l l y  during  the  i n i t i a l  appearance of 
the form er e a r ly  in  g e rm in a tio n . This could be accom plished using  th e  
sim ple 1-D SDS-PAGE method we have employed h e re ,  o r ,  i f  th e  p r o t e in  
p o p u la t io n s  seem somewhat complex, 2-D PAGE could be a ttem p ted . The 
s im p le r system  has proven adequate in  m ost r e p o r te d  s tu d i e s  b e ca u se  
th e re  a re  r a th e r  few p ro te in s  in  any of th ese  s t r u c tu r e s ,  as has been
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n o ted . No one has y e t been ab le  to  d e f in i t iv e ly  a sc r ib e  a fu n c tio n  to  
any s p e c i f ic  p ro te in  in  an mRNP or an HnRNP, though  th e r e  a r e  c e r t i n  
" c o re  p r o t e i n s "  t h a t  re g u la r ly  occur. I t  has been hypothesized  th a t  
th ese  may p lay  a s t r u c tu r a l  ro le ,  l ik e  some of th e  h is to n e s  p re sen t in  
n u c le o so m e s  ( M a r t in  e t  a l . ,  1 9 8 0 ) .  The f r e q u e n t l y  o b s e r v e d
7 8 ,0 0 0 - d a l to n  p r o t e i n  i s  a p p a ren tly  a sso c ia te d  w ith  th e  poly(A) t a i l  
of the  mRNA, but i t s  fu n c tio n a l ro le  i s  s t i l l  a m y s te ry . We have no 
i l lu s io n s  about q u ick ly  and d ra m a tic a lly  uncovering s p e c if ic  ro le s  fo r  
th e s e  p r o t e in s  in  th e  Mu c o r  system  w hile  the more h e av ily  ex p lo ite d  
systems rem ain Im pervious to  a n a ly s is .  Our modest hopes a re  to  d e te c t 
any changes th a t  c o r r e la te  w ith  m o rp h o g e n e s is , and th e n  to  d is c e r n  
w ith  w hat e l s e  th e y  may c o r r e la te .  For example, we know th a t  mRNA's 
a re  s e le c t iv e ly  expressed  during  sporangiospore  g e rm in a to n  (L in z  and 
O rlow ski, 1985). We may a lso  f in d  th a t  mRNP's w ith  d i f f e r e n t  p ro te in  
components may seq u e s te r  d i f f e r e n t  mRNA p o p u la t io n s .  M aking such a 
d is c o v e r y ,  one would th e n  have to  a d d re s s  th e  is su e s  of how such a 
m olecu lar r e la t io n s h ip  comes about and what a re  the  consequences of i t  
in  term s of gene e x p re ss io n .
We cannot say based upon the  p re sen t d a ta  w hether the  seq u es te red  
mRNA's d if f e r e d  between the  two p o p u la t io n s  o f cmRNP's. We d id  n o t 
re c o v e r  enough m a te r ia l  to  analyze  th e  s iz e  d i s t r ib u t io n  of mRNA's in  
th e  form am ide-eluted cmRNP f r a c t io n s  and we d id  no t re co v er enough of 
any m a te r i a l  to  a t te m p t  1^  v i t r o  t r a n s l a t i o n .  The su cro se  d e n s ity  
g ra d ie n t d a ta  g a thered  using  mRNA e x tra c te d  from cmRNP's e lu te d  a t  low 
io n ic  s tre n g th  (F ig . 24) showed no d i f f e r e n c e  in  s i z e  d i s t r i b u t i o n  
from  t o t a l  mRNA d i r e c t l y  phenol e x tra c te d  from u n fra c tio n a te d  broken 
sporang iospores (Linz and O rlo w sk i, 1 9 8 2 ) . T h is  s i z e  d i s t r i b u t i o n
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( 8 - 2 0 S )  I s  t y p i c a l  o f  t h a t  d e s c r ib e d  f o r  mRNA in  s e v e r a l  o th e r  
b io lo g ic a l  system s (M irkes, 1977; F i r t e l  and P e d e rs o n , 1975; S ie g e r s  
and K ondo, 1977) and c o u ld  c o n c e iv a b ly  be i n - v i t r o  t r a n s la te d  to  do 
th e  com parative study  of pmRNP's v i s - 'a - v i s  cmRNP's suggested  e a r l i e r .  
The on ly  p o te n t ia l  drawback in  t h i s  m a tte r  would be o b ta in in g  a  la rg e  
enough y i e l d  o f p u r i f i e d  mRNA to  t r a n s l a t e .  The q u a n t i t i e s  analyzed  
h e re  were ex ceed in g ly  m inute and re q u ire d  much u n la b e lle d  c a r r i e r  RNA 
to  r e c o v e r .  The p ro b le m  i s  n o t  t h e o r e t i c a l l y  i n t r a c t a b l e .  
E s s e n t i a l ly ,  a  m assive s c a le -u p  of m a te r ia l  i s  re q u ire d . Perhaps t h i s  
I s  happ iness  money can buy.
LITERATURE CITED
Abraham, A .K ., and A. P lh l .  1981. Role of polyam ines In  raacroraolec- 
u la r  s y n th e s is .  Trends Blochem. S c i. 6 : 106-110.
Adams, D .S ., D. Noonan, and W.R. J e f f e r y .  1980. The p o ly (ad en y llc
a c id ) -p ro te in  complex is  r e s t r i c t e d  to  the  nonpolysomal m essenger 
r ib o n u c le o p ro te in  of Physarum polycephalum . B iochem istry  19: 
1965-1970.
Adams, D .S ., D. Noonan, and W.R. J e f f e r y .  1981. Cytoplasm ic polyaden­
y la te  p ro cess in g  even ts  accompany the t r a n s f e r  of mRNA from the  
f r e e  mRNP p a r t i c l e s  to  the  polysomes in  Physarum. P roc . N a tl .  
Acad. S c i. U.S.A. 78: 83-87.
A lexopoulos, C .J . ,  and C.W. Mims. 1979. In tro d u c to ry  Mycology.
John Wiley & Sons, I n c . ,  New York.
A lg ra n a t i ,  I .D . ,  and S.H . Goldemberg. 1977. Polyamines and th e i r  
ro le  in  p ro te in  s y n th e s is .  Trends Biochem. S c i. 2: 272-274.
A yres, J .C . ,  J .O . Mundt, and W.E. Sandine. 1980. M icrobiology of 
fo o d s . W.H. Freeman and C o., San F ran c isco .
Bag, J .  and S . S a rk a r. 1976. S tu d ies  on a nonpolysomal rib o n u c leo ­
p ro te in  coding fo r  myosin heavy chains from ch ick  embryonic 
m uscle. J .  B io l. Chem. 251: 7600-7609.
B a rrie u x , A ., H.A. Ingraham , D.N. D avid, and M.G. R o sen fie ld . 1975. 
I s o la t io n  of m essen g er-lik e  r ib o n u c le o p ro te in s . B iochem istry  14:
. 1815-1821.
B a r tn ic k i—G arc ia , S . ,  1968. C e ll w a ll ch em istry , m orphogenesis and 
taxonomy of fu n g i. Annu. Rev. M icro b io l. 22: 87-108.
B a r tn ic k i—G arc ia , S. 1973. Fundamental a sp e c ts  of hyphal morpho-
137
138
g e n e s is .  Symp. Soc. Gen. M ic ro b io l. 23: 245-267.
Bartnicki—Garcia, S. 1981. Role of chitosom es in  th e  s y n th e s is  of 
fu n g a l c e l l  w a l ls .  Pp. 238-241. I n : M icrobio logy 1981. E d .,
D. S c h le s s in g e r . American S o c ie ty  fo r  M icro b io lo g y ,
W ashington, D.C.
Bartnicki-Garcia, S., and Nickerson, W.J. 1962a. In d u c tio n  of y e a s t­
l i k e  developm ent in  Mucor by carbon d io x id e . J .  B a c te r io l .  84: 
820-840.
Bartnicki-Garcia, S . ,  and Nickerson, W.J. 1962b. N u tr i t io n ,  growth 
and m orphogenesis o f Mucor r o u x i l . J .  B a c te r io l .  84: 841-858.
B ecker, W.M. 1986. The World o f th e  C e l l . The Benjamin/Cummings 
P u b lish in g  C o ., I n c . ,  Menlo P ark , CA.
B ie lk a , H. 1982. The E u k ary o tic  Ribosome. S p rin g e r—V erlag , B e r l in .
B i l l i n g s ,  P .B . 1979. The p ro te in s  of r ib o n u c le o p ro te in  subcomplexes 
c o n ta in in g  heterogeneous n u c le a r  RNA. Ph.D . D is s e r ta t io n .  
U n iv e rs ity  of C hicago.
B i l l i n g s ,  P .B .,  and T .E . M artin . 1978. P ro te in s  of n u c le a r  rib o n u c ­
le o p ro te in  subcom plexes. Methods C e ll B io l .  17: 349-375.
B lo b e l, G. 1972. P ro te in  t i g h t l y  bound to  g lo b in  mRNA. Biochem. 
B iophys. Res. Commun. 47: 88-95 .
B lo b e l, G. 1977. S y n th es is  and se g re g a tio n  of s e c re to ry  p r o te in s :  The 
s ig n a l  h y p o th e s is . I n : I n te r n a t io n a l  C e ll B io lo g y . E d s .,
B.R. B rin k ley  and K.R. P o r te r .  R o c k e fe lle r  U niv. P r e s s ,  New York.
B o rg ia , P .T . ,  N.K. G okul, and G .J .  P h i l l i p s .  1985. R e s p ira to ry -  
com petent c o n d it io n a l  developm ental m utant of Mucor racem osus.
J .  B a c te r io l .  164: 1049-1056.
B rad fo rd , M.M. 1976. A ra p id  and s e n s i t iv e  method fo r  th e  q u a n t i ta t io n
139
of microgram q u a n t i t ie s  of p ro te in  u t i l i z i n g  th e  p r in c ip le  of 
p ro te in -d y e  b in d in g . A nal. Blochem. 72: 248-254.
Brody, E . ,  and J .  A belson. 1985. The "sp liceosom e,,: y e a s t p re ­
m essenger RNA a s s o c ia te s  w ith  a  40S complex in  a  s p l ic in g -  
dependent r e a c t io n .  S cience 228: 963-967.
B ryan, R.H. and M. H ayash i. 1973. Two p ro te in s  a re  bound to  most 
sp e c ie s  of polysom al mRNA. N ature New B io l. 244: 271-274.
B urns, A .T.H . and R. W illiam son. 1975. I s o la t io n  of mouse r e t i c u lo ­
c y te  g lo b in  m essenger r ib o n u c le o p ro te in  by a f f i n i t y  chrom atography 
u s in g  o l ig o ( d T ) -c e l lu lo s e .  N ucle ic  A cids R es. 2 : 2251-2255.
B usch, H ., R. Reddy, L . Rothblum and Y*C* C hoi. 1982a. SnRNAs, SnRNPs 
and RNA p ro c e ss in g . Annu. Rev. Biochem. 51: 617-654.
B usch, H ., R . Reddy, D. H enning, D. S p e c to r , P . E p s te in , N. Doraae,
M- L iu , S . C h lra la ,  tf■ S c h r ie r ,  and L . Rothblum. 1982b. Small 
n u c le a r  RNFs and RNA p ro c e ss in g . Pp. 167-187. I n : Gene Regu­
l a t i o n . Academic P r e s s ,  I n c . ,  New York.
C habot, B ., D .L . B lack , D.H. L eM aster, and J .A . S t e i t z .  1985. The 3* 
s p l ic e  s i t e  of p re-m essenger RNA is  recogn ized  by sm all n u c le a r  
r ib o n u c le o p ro te in . Science 230: 1344-1349.
C hoi, Y .D ., P . J .  G rabow skl, P .A . S harp , and G. D rey fu ss. 1986.
H eterogeneous n u c le a r  r ib o n u c le o p ro te in s :  r o le  in  RNA s p l ic in g .
S cience 231: 1534-1539.
C lh la r ,  R .L . 1985. M orphogenesis and dimorphism of Mucor. Pp. 449-467.
I n : Gene m an ip u la tio n s  in  f u n g i . E d s .,  J.W. B ennett and L .L .
L a su re . Academic P re s s ,  O rlando, FL.
C lark-W alker, G.D. 1973. R e la tio n sh ip  between dim orphology and 
r e s p i r a t io n  in  Mucor genevensis  s tu d ie d  w ith  ch lo ram phen ico l.
J .  B a c te r io l .  116: 972-980.
D av is, L .L .,  and S . B a r tn ic k i-G a rc ia . 1984. A model fo r  the  mechanism 
and re g u la tio n  of c h ito san  sy n th e s is  in  Mucor r o u x i i .
Pp. 400-407. In : S tr u c tu re , fu n c tio n  and b io sy n th e s is  of 
p la n t c e l l  w a l ls . E d s .,  W.M. Dugger and S. B a r tn ic k i-G a rc ia .
Amer. Soc. P la n t P h y s io l . ,  R o ck v ille , MD.
Deacon, J.W. 1980. In tro d u c tio n  to  Modern Mycology. H alsted  P re s s ,
New York
Dow, J.M . , D.W. D a ro a ll ,  and V.D. V i l l a .  1983. Two d i s t i n c t  c la s s e s  of 
polyuronide from th e  c e l l  w a lls  of a dim orphic fungus, Mucor 
ro u x i i .  J .  B a c te r io l .  155: 1088-1093.
Dow, J .M ., and P.H . Rubery. 1977. Chemical f r a c t io n a t io n  of the  c e l l  
w a lls  of m y celia l and y e a s t - l ik e  forms of Mucor r o u x i i : a compara­
t iv e  study  of the  p o ly sacch arid e  and g ly c o p ro te in  components.
J .  Gen. M icro b io l. 99: 29-41.
Dow, J .M ., and V.D. V i l l a .  1980. O ligog lucuronide  p ro d u c tio n  in  Mucor 
r o u x i i : Evidence fo r  a ro le  fo r  endohydrolases in  hyphal 
ex ten s io n . J .  B a c te r io l .  142: 939-944.
Eiw>ns, C.W.,  C.H. B in fo rd , J .P .  Utz and K .J .  Kwon-Chung. 1977.
M edical Mycology, 3rd ed . Lea and F e b lg e r, P h ila d e lp h ia .
P i r t e l ,  R .A ., and T . Pederson. 1975. R ib o n u c leo p ro te in  p a r t ic le s
co n ta in in g  heterogeneous n u c lea r RNA in  the  c e l l u la r  slim e mold 
D ic ty o ste llu m  discoideum . P roc . N a tl .  Acad. S c i. U.S.A. 72: 
301-305.
F o n z i, W.A.,  C. Katayama, T . L e a th e rs , and P .S . Sypherd. 1985. 
R egu la tion  of e lo n g a tio n  fa c to r  l a  in  Mucor racem osus.
Mol. C e l l .  B io l. 4: 1100-1103.
F r a z ie r ,  W.C. 1958. Food m icrob io logy . McGraw-Hill Book C o., In c .
New York
G a rc ia , J .R . ,  W.R. H ia t t ,  J .  P e te r s ,  and P .S . Sypherd. 1980.
S-A denosylm ethionine le v e ls  and p ro te in  m e th y la tio n  during  morpho 
g en esis  of Mucor racem osus. J .  B a c te r io l .  142: 196-201.
G a rc ia , J .R . ,  and P .S . Sypherd. 1984. A -adenosylm ethionine and mor­
phogenesis in  Mucor racem osus. C urr. M icro b io l. 10: 111-116. 
G a tto n i, R .,  J .  S tev en in , and H. Jacob . 1977. M etrizam ide d is s o c ia te s  
n u c lea r p a r t i c le s  co n ta in in g  heterogeneous BNA. N ucleic  A cids Res 
4: 3931-3941.
G auger, W. 1965. The germ ination  of zygospores of Mucor h ie m a lis .
M ycologia 57: 634-641.
G en ther, F . J . ,  and P .T . B org ia . 1978. S p herop last fu s io n  and h e te ro -  
karyon fo rm ation  in  Mucor racem osus. J .  B a c te r io l .  134: 349-352. 
Gooday, G.W. 1974. Fungal sex hormones. Annu. Rev. Biochem. 43: 35-49 
H am ilton, H.G. 1971. I so d e n s ity  e q u ilib riu m  c e n tr i fu g a t io n  of r ib o -  
somal p a r t i c l e s :  The c a lc u la t io n  of the  p ro te in  co n ten t of r ib o ­
somes and o th e r rib o n u c le o p ro te in s  from bouyant d e n s ity  measure­
m ents. Pp. 512-521. I n : Methods in  Enzymology, V ol. 20C.
Eds. K. Moldave and L . Grossman. Academic P re s s ,  New York.
H ia t t ,  W.R., C.B. I n d e r l ie d ,  and P .S . Sypherd. 1980. D i f f e r e n t ia l  
sy n th e s is  of p o ly p ep tid es  during  m orphogenesis of Mucor.
J .  B a c te r io l .  141:1350-1359.
H ia t t ,  W .R., R. G a rc ia , W.C. M errick  and P .S . Sypherd. 1982. M ethyl­
a t io n  of e lo n g a tio n  f a c to r  lot from the  fungus Mucor. P roc . N a tl .  
Acad. S c i. (U .S .A .) 79: 3433-34237.
H e n rlc i ,  A.T. 1930. Molds, Y e as ts , and A ctinom ycetes. John Wiley &
Sons, I n c . ,  New York.
Henshaw, B.C., and J. Loebenstein. 1970. R apidly la b e le d , p o ly d isp e rse  
RNA. In  r a t  l iv e r  cytoplasm : Evidence th a t  i t  Is  con tained  in  r ib o ­
n u c leo p ro te in  p a r t i c le s  of heterogeneous s iz e .  Biochim. Biophys. 
Acta 199: 405-420.
Humphreys, A.M., and G.W. Gooday. 1984a. P hospho lip id  requ irem ent of 
microsomal c h i t in a s e  from Mucor raucedo. C urr. M icro b io l. 11: 
187-190.
Humphreys, A.M., and G.H. Gooday. 1984b. P ro p e r tie s  of c h i t in a s e  a c t i ­
v i t i e s  from Mucor mucedo: Evidence fo r  a membrane-bound zymogenic 
form . J .  Gen. M icro b io l. 130: 1359-1366.
Inderlied, C.B., R.L. Cihlar, and P.S. Sypherd. 1980. R egu la tion  of 
o rn ith in e  decarboxylase  during  morphogenesis of Mucor racem osus.
J .  B a c te r io l .  141: 699-706.
Inderlied, C.B., J. Peters, and R.L. Cihlar. 1985. Mucor racem osus.
Pp. 337-359. I n : Fungal dimorphism. E d ., P .S . S z a n isz lo .
Plenum P re s s , New York.
Inderlied, C.B., and P.S. Sypherd. 1978. G lucose m etabolism  and 
dimorphism in  Mucor. J .  B a c te r io l .  133: 1282-1286.
Irwin, D., A. Kumar, and R.A. Malt. 1975. Messenger rib o n u c le o p ro te in  
complexes is o la te d  w ith  o lig o (d T )-c e llu lo s e  chromatography from 
kidney polysomes. C e ll 4: 157-165.
Ito, E., R.L. Cihlar, and C.B. Inderlied. 1982. L ip id  sy n th e s is  
during  morphogenesis in  Mucor racem osus. J .  B a c te r io l .  152: 
880-887.
Jain, S.K., and S. Sarkar. 1979. P o ly (r ib o a d e n y la te )—c o n ta in in g
messenger r ib o n u c le o p ro te in  p a r t i c le s  of ch ick  embryonic m uscles.
143
B iochem istry  18: 745-753.
J a y ,  J.M . 1978. Modern food m ic ro b io lo g y . D. Van N ostrand  C o .,
New York.
Jaw e tz , E . ,  J .L .  M eln ick , and E .A . A delberg . 1970. Review of M edical 
M icro b io lo g y . Lange M edical P u b l ic a t io n s ,  Los A lto s , C a l i fo rn ia .
Ja w o rsk i, A .J . 1976. S y n th es is  of p o ly ad en y lic  a c id  RNA d u rin g  zoo­
spore  d i f f e r e n t i a t i o n  and germ in a tio n  in  B la s to c la d ie l la  
e m e rso n ii. A rch. Biochem. B iophys. 173: 201-209.
Ja w o rsk i, A . J . ,  and P . S tm ahofer. 1981. S ta g e - s p e c if ic  s y n th e s is  of 
p ro te in s  complexed to  r ib o n u c le o p ro te in  p a r t i c l e s  and ribosom es in  
zoospores of B la s to c la d ie l la  e m erso n ii. M olec. C e ll B io l. 4:
310-320.
Ja w o rsk i, A . J . ,  and K. Thomson. 1980. A tem poral a n a ly s is  of th e  syn­
th e s i s  of th e  mRNA seq u e s te red  in  zoospores of B la s to c la d ie l la  
e m e rso n ii. D evelop. B io l. 75: 343-357.
J e f f e r y ,  W.R. 1977. C h a ra c te r iz a t io n  of p o ly p e p tid e s  a s s o c ia te d  w ith  
m essenger RNA. and i t s  p o ly ad en y la te  segment in  G h rlich  a s c i te s  
m essenger r ib o n u c le o p ro te in s . J .  B io l. Chem. 252: 3525-3532.
J e f f e r y ,  W.R. 1978. C om position and p ro p e r t ie s  of m essenger r ib o ­
n u c le o p ro te in  fragm ents c o n ta in in g  and la ck in g  p o ly a d e n y la te .
B iochim . B iophys. A cta 521: 217-228.
J e f f e r y ,  W .R., and 6 .  Braverman. 1974. C h a ra c te r iz a t io n  o f the
s te a d y - s ta te  p o p u la tio n  of m essenger RNA and i t s  p o ly (a d e n y lic  
a c id )  segment in  mammalian c e l l s .  B iochem istry  13: 4633-4637.
Johnson , S .A ., J .S .  L o v e tt ,  and F .H . W ilt .  1977. The p o ly ad en y la ted  
RNA of zoospores and growth phase c e l l s  of th e  a q u a tic  fungus 
B la s to c la d ie l la  e m e rso n ii. D evelop. B io l. 56: 329-342.
144
Karn, J., G. Vidali, L.C. Boffa, and V.G. Allfrey. 1977. C h a ra c te r i­
z a t io n  of the  n o n -h is to n e  n u c le a r  p ro te in s  a s s o c ia te d  w ith  ra p id ly  
la b e l le d  h e te rgeneous n u c le a r  RNA. J .  B io l. Chem. 252: 7307-7322.
Kaumeyer, J . F . ,  N.A. J e n k in s , and R.A. R a f f . 1978. M essenger r ib o ­
n u c le o p ro te in  p a r t i c l e s  in  u n f e r t i l i z e d  sea  u rc h in  eggs. D evelop.
B io l .  63: 266-278.
Kinniburgh, A.J., and T.E. Martin. 1976. D e te c tio n  o f mRNA sequences 
in  n u c le a r  30S r ib o n u c le o p ro te in  subcom plexes. P ro c . N a t l .  Acad.
S c i .  U .S.A . 73: 2725-2729.
K ish , V.M., and T* Pederson . 1977. H eterogeneous n u c le a r  RNA secondary 
s t r u c tu r e :  O ligo(U ) sequences b a se -p a ire d  w ith  poly(A ) and th e i r  
p o s s ib le  ro le  as b ind ing  s i t e s  fo r  he tero g en eo u s n u c le a r  RNA- 
s p e c i f ic  p r o te in s .  P ro c . N a t l .  Acad. S c i .  U .S.A . 74: 1426-1430.
K ornberg , R. 1974. Chromatin s t r u c tu r e :  a  re p e a tin g  u n i t  of h is to n e s  
and DNA. S cience 184: 868-870.
K ro p f,D .L ., M.D.A. Lupa, J .H . C a ld w e ll, and P.M. H aro ld . 1983. C e ll 
p o la r i ty :  Endogenous ion  c u rre n ts  p recede  and p re d ic t  branch ing  in  
th e  w a te r mold A chlya. S cience 220: 1385-1387.
K ruppa, J . ,  D. Darmer, H. K a l th o f f ,  and D. R ic h te r .  1983. The phos­
p h o ry la tio n  of ribosom al p ro te in  S6 from p ro g e s te ro n e -s tim u la te d  
Xenopus la e v is  o o c y te s . E u r. J .  Biochem. 129: 537-542.
Kumar, A., and T. Pederson. 1975. Comparison of p ro te in s  bound to  
he terogeneous n u c le a r  RNA and m essenger RNA in  HeLa c e l l s .
J .  Mol. B io l. 96: 353-365.
Lake, J .A . 1985. E volving ribosom e s t r u c tu r e :  domains in
a rc h a e b a c te r ia ,  e u b a c te r ia ,  eo cy tes  and e u k a ry o te s . Annu. Rev.
Biochem. 54: 507-530.
145
L arsen , A .D ., and P .S . Sypherd. 1974. C yclic  adenosine 3 ’ ,5 ’~ 
monophosphate and morphogenesis in  Mucor racem osus.
J .  B a c te r io l .  117: 432-438.
L a rsen , A .D ., and P .S . Sypherd. 1979. Ribosomal p ro te in s  of th e
dim orphic fungus Mucor racem osus. Mol. Gen. G enet. 175: 99-109.
L a rsen , A .D ., and P .S . Sypherd. 1980. P h y s io lo g ic a l c o n tro l of phos­
p h o ry la tio n  of ribosom al p ro te in  S6 in  Mucor racem osus.
J .  B a c te r io l .  141: 20-25.
L ask e r, B .A ., and P .T . B org ia . 1980. H igh-frequency he terokaryon  form­
a tio n  by Mucor racem osus. J .  B a c te r io l .  141: 565-569.
Lewin, B. 1984. Genes. John Wiley & S o n s ., I n c . ,  New York.
L e h re r , R .I .  1980. Mucormycosis. Ann. I n te r n .  Med. 93: 93-108.
L ia u ta rd , J . P . ,  and J.M . Egly. 1980. In  v i t r o  t r a n s la t io n  s tu d ie s  of 
the  cy top lasm ic  nonpolysomal p a r t i c le s  co n ta in in g  m essenger RNA. 
N ucleic  Acids Res. 8 : 1793-1804.
L indberg , U ., and B. S undqu ist. 1974. I s o la t io n  of messenger r ib o -  
n u c leo p ro te in s  from mammalian c e l l s .  J .  Mol. B io l. 86: 451-468.
L in z , J .E . 1983. The re g u la tio n  of gene ex p ress io n  during  the  ae ro b ic  
germ ination  of Mucor racemosus sp o ran g io sp o res . Ph.D.
D is s e r ta t io n .  L o u isiana  S ta te  U n iv e rs ity , Baton Rouge.
L in z , J . E . ,  G. Katayama, and P .S . Sypherd. 1986. Three genes fo r  the  
e lo n g a tio n  f a c to r  EF-la  in  Mucor racem osus. M olec. C e l l .  B io l.
6 : 593-600.
L in z , J .E . ,  and M. O rlow ski. 1982. S tored  mRNA in  sporang iospores of 
th e  fungus Mucor racem osus. J .  B a c te r io l .  150: 1138-1144.
L in z , J . E . ,  and M. O rlow ski. 1984. D i f f e r e n t ia l  gene ex p ress io n  during 
a e ro b ic  germ ination  of Mucor racemosus sp o ra n g io sp o res .
146
v
J .  B a c te r io l .  159: 965-972.
Linz, J.E., and M- Orlowski. 1985. D if f e r e n t ia l  gene ex p ress io n  during  
Mucor racemosus sporang iospore  germ ination  in  n itro g e n . A b str .
Annu. M eet. Amer. Soc. M icro b io l. 198, p . 162.
L in z , J . E . ,  and M. O rlow ski. 1986. R egu lation  of gene ex p ress io n  
du ring  a e ro b ic  germ ination  o f Mucor racemosus sp o ran g io sp o res .
J .  Gen. M icro b io l. ( In  P re s s ) .
Lopez-Romero, E., E. Monzon, and J. Ruiz-Herrera. 1985. S te ro l compo­
s i t i o n  of chitosom es from y e a s t c e l l s  of Mucor r o u x i i : comparison 
w ith  whole c e l l s .  FEMS M icro b io l. L e t t .  30: 369-372.
L o v e tt ,  J .S .  1975. Growth and d i f f e r e n t i a t io n  of th e  w ater mold 
B la s to c la d ie l la  em erso n ii: c y to d i f f e r e n t ia t io n  and the  ro le  of 
r ib o n u c le ic  ac id  and p ro te in  s y n th e s is .  B a c te r io l .  Rev. 39:
345-404.
Lowry, O .H ., N .J .  Rosebrough, A.L. F a r r ,  and R .J .  R an d a ll. 1951.
P ro te in  measurement w ith  the F o lln  phenol re a g e n t. J .  B io l. Chem.
193: 265-275
M a ile r , J .L . ,  L . J .  P ik e , G.R. F re id en b e rg , R. C ordera , B .J .  Sm ith,
J.M . O le fsk y , and E.G . K rebs. 1986. In c reased  ph o sp h o ry la tio n  of 
ribosom al p ro te in  S6 fo llow ing  m ic ro in je c tio n  of in s u l in  re c e p to r -  
k in a se  in to  Xenopus o o cy tes . N ature 320: 459-461.
M artin , T . ,  R. Jo n e s , and P . B i l l in g s .  1979a. HnRNP core p ro te in s :
S yn th esis  tu rn o v er and in t r a c e l l u l a r  d i s t r ib u t io n .  Mol. B io l. Rep.
5: 37-42.
M artin , T . ,  M. McMullen, and P . Shaw. 1979b. Poly(A)^*mRNA sequences 
in  f r e e  mRNP and polysomes of mouse a s c i te s  c e l l s .  Mol. B io l. Rep.
5: 87-90.
147
M artin , T .E .,  and B .J .  McCarthy. 1972. S y n th esis  and tu rn o v er of RNA 
in  th e  30S n u c lea r r ih o n u c le o p ro te in  complexes of mouse a s c i te s  
c e l l s .  Biochim. B iophys. A cta 277: 354-367.
M artin , T .E .,  J.M . Pullm an, and M.D. McMullen. 1980. S tru c tu re  and 
fu n c tio n  of n u c le a r  and cy top lasm ic r ib o n u c le o p ro te in  com plexes.
Pp. 137-174. I n ; C e ll B io logy , A Comprehensive T r e a t i s e , V ol.
4^ Gene E x p ress io n : T ra n s la tio n  and th e  Behavior of P ro te in s  
E d s ., D.M. P re s c o tt  and L . G o ld s te in . Academic P re s s , O rlando, FL.
M artin -P e rez , J . ,  and G. Thomas. 1983. Ordered p h o sp h o ry la tio n  of 
40S ribosom al p ro te in  S6 a f t e r  serum s tim u la tio n  of q u ie sc e n t 3T3 
c e l l s .  P roc . N a tl. Acad. S c i. U.S.A. 80: 926-930.
McConkey, E.H. 1974. Composition of mammalian ribosom al su b u n its : a 
r e -e v a lu a tio n . P roc . N a tl. Acad. S c i. U.S.A. 71: 1379-1383.
McMullen, M.D., P.H.Shaw, and T .E . M artin . 1979. C h a ra c te r iz a tio n  of 
poly(A )+RNA in  f r e e  mRNP and polysomes of mouse Taper a s c i te s  
c e l l s .  J .  Mol. B io l. 132: 679-694.
H i l l e r ,  R .V ., and P .S . Sypherd. 1973. Chemical and enzym atic m odifi­
c a tio n  of p ro te in s  in  the  30S ribosome of E sc h e r ic h ia  c o l i .
J .  Mol. B io l. 78: 527-538.
H irk e s , P .E . 1977. Messenger r ib o n u c le o p ro te in  complexes i s o la te d  by 
o lig o d e o x y th y m id y la te -c e llu lo se  chromatography from Neurospora 
c ra s s a  polysom es. J .  B a c te r io l .  131: 240-246.
M oldave, K. 1985. E ukaryo tic  p ro te in  s y n th e s is .  Annu. Rev. Biochem.
54: 1109-1149.
Moon, R .T ., K.D. Moe, and M.B. H i l l e .  1980. P o ly p ep tid es  of non-
polyribosom al messenger r ib o n u c le o p ro te in  complexes of sea u rc h in  
eggs. B iochem istry  19: 2723-2730.
148
Mooney, D .T ., and P .S . Sypherd. 1976. V o la t i le  f a c to r  invo lved  in  the  
dimorphism of Mucor racemoBus. J .  B a c te r io l .  126: 1266-1270.
M orel, C ., B. K ayibanda, and K. S c h e rre r . 1971. P ro te in s  a s s o c ia te d  
w ith  g lo b in  m essenger RNA in  a v ian  e r y th r o b la s ts :  I s o la t io n  and 
com parison w ith  th e  p ro te in s  bound to  n u c le a r  m e sse n g e r-lik e  RNA.
FEBS L e t t .  18: 84-88 .
Moreno, S . ,  and S . P a sse ro n . 1980. F u r th e r  s tu d ie s  on c y c l ic
adenosine  3*,5*-m onophosphate p ro te in  k in a se  from dim orphic 
fungus Mucor r o u x i i . A rch. Biochem. B iophys. 199: 321-330.
Moreno, S . ,  R. P a s to r ! , and S . P a sse ro n . 1983. P ro te in  k in a se  from 
Mucor r o u x i i . U n sh ie ld ing  of new c y c l ic  AMP b in d in g  s i t e s  upon 
d is s o c ia t io n  of the  te rn a ry  complex ho loenzym e-cycllc  AMP.
Mol. C e l l .  Biochem. 52: 13-16 .
Moreno, S . ,  C. P a v e to , and S . P a sse ro n . 1977. M u ltip le  p r o te in  k in a se  
a c t i v i t i e s  in  th e  dim orphic fungus Mucor r o u x i i . Comparison w ith  
a  c y c lic  adenosine  3*,5*-m onophosphate b in d in g  p r o te in .  A rch.
Biochem. B iophys. 180: 225-231.
N ev ins, J .R . 1983. The pathway of e u k a ry o tic  mRNA fo rm a tio n . Annu.
Rev. Biochem. 52: 441-466.
H o l le r ,  H .F. 1984. S tru c tu re  of ribosom al RNA. Annu. Rev. Biochem.
53: 119-162.
0 * F a r r e l l ,  P .H . 1975. High r e s o lu t io n  tw o-d im ensional e le c tro p h o r e s is  
of p r o te in s .  J .  B io l .  Chem. 250: 4007-4021.
O lsen , S.D>, P . G a s k i l l ,  and D> R ab a t. 1972. P resence  of hemoglobin 
m essenger r ib o n u c le o p ro te in  in  a r e t ic u lo c y te  su p e rn a ta n t 
f r a c t i o n .  Biochim . B iophys. A cta 272: 297-304.
O rlow sk i, M. 1981. G ro w th -ra te -dependen t ad ju stm en t o f ribosom e
149
fu n c tio n  in  th e  fungus Mucor racem osus. Biochem. J .  196:
403-410.
Orlowski, M. 1986. Mucor dim orphism . I n : B iology of th e  Zygom ycetes. 
Ed. T.M. Hammill. American M ycological S o c ie ty , New York.
( I n  p re s s )
Orlowski, M., and J.F. Ross. 1981. R e la tio n s h ip  of in te r n a l  c y c l ic  
AMP le v e l s ,  r a te s  o f p ro te in  s y n th e s is  and Mucor dim orphism .
Arch. M ic ro b io l. 129: 353-356.
Orlowski, M. , and P.S. Sypherd. 1977. P ro te in  sy n th e s is  du ring  morpho­
g e n e s is  of Mucor racem osus. J .  B a c te r io l .  132: 209-218.
Orlowski, M., and P.S. Sypherd. 1978a. R eg u la tio n  of t r a n s la t io n
r a t e  du ring  m orphogenesis in  th e  fungus Mucor. B iochem istry  17: 
569-575.
Orlowski, M., and P.S. Sypherd. 1978b. R eg u la tio n  of r ib o n u c le ic  a c id  
s y n th e s is  du ring  m orphogenesis of Mucor racem osus.
A rch. M ic ro b io l. 119: 145-152.
Orlowski, M. , and P.S. Sypherd. 1978c. R eg u la tio n  of m acrom olecular 
sy n th e s is  d u rin g  hyphal germ tube emergence from sp o ran g io sp o res  
o f Mucor racem osus. J .  B a c te r io l .  134: 76-83 .
Ouellette, A.J., A. Kumar, and R.A. Malt. 1976. P h y s ic a l a sp e c ts  and 
cy to p lasm ic  d i s t r ib u t io n  of m essenger RNA in  mouse k idney .
Biochim . B iophys. R es. Commun. 425: 384-395.
Padgett, R.A., M.M. Konarska, P.J. Grabowski, S.F. Hardy, and P.A. 
Sharp. 1984. L a r ia t  RNA’ s as in te rm e d ia te s  and p ro d u c ts  in  th e  
s p l ic in g  o f m essenger RNA p re c u rs o r s .  S cience 225: 898-903. 
Padgett, R.A., P.J. Grabowski, M.M. Konarska, S. Seller, and P.
Sharp. 1986. S p lic in g  of m essenger RNA p re c u rs o r s .  Annu. Rev.
Biochem. 55: 1119-1150.
P a rso n s , J . T . ,  and K .S . McCarty. 1968. R apidly  lab e led  m essenger r ib o ­
n u c le ic  ac id  p ro te in  complex of r a t  l i v e r  n u c le i .  J .  B io l. Chem. 
243: 5377-5384.
P a s to r l ,  R .L ., N. K ern er, S . Moreno, and S . P asse ro n . 1981. cAMP- 
dependent p ro te in  k in a se  from Mucor r o u x i i : p h y s ica l evidence 
of a te rn a ry  complex holoenzyme-cAMP. Biochem. B iophys. Res.
Comm. 101: 663-671.
Paznokas, J .L . ,  and P .S . Sypherd. 1975. R esp ira to ry  c a p a c ity , c y c lic  
adenosine 3 ’ , 5 ’-m onophosphate, and m orphogenesis of Mucor 
racem osus. J .  B a c te r io l .  124: 134-139.
Peberdy , J . F . ,  and L . Ferenczy. 1985. Fungal P r o to p la s ts : A p p lica tio n s  
in  B iochem istry  and G e n e tic s . M arcel D ekker, I n c . ,  New York.
P ed erso n , T . 1974. P ro te in s  a sso c ia te d  w ith  heterogeneous n u c lea r RNA 
in  eu k ary o tic  c e l l s .  J .  Mol. B io l. 83: 163-183.
P e rry , R .P .,  and D .E. K e lley . 1966. Boyant d e n s i t ie s  of cy toplasm ic 
r ib o n u c le o p ro te in  p a r t i c l e s  of mammalian c e l l s :  d i s t in c t iv e  
c h a ra c te r  of ribosome su b u n its  and the  ra p id ly  la b e led  components. 
J .  Mol. B io l. 16: 255-269.
P e rry , R .P .,  and D .E. K e lley . 1968. M essenger RNA-protein complexes 
and newly sy n th es ized  ribosom al su b u n its : A nalysis  of f r e e  
p a r t ic le s  and components of polyribosom es. J .  Mol. B io l .  35:
37-59.
P e rry , R .P .,  and D .E. K e lley . 1976. K in e tic s  of fo rm ation  of 5 ’ 
te rm in a l caps in  mRNA. C e ll 8: 433-442.
P e te r s ,  J . ,  and P .S . Sypherd. 1978. Enrichm ent of m utants of Mucor 
racemosus by d i f f e r e n t i a l  f r e e z e - k i l l in g .  J .  Gen. M icro b io l.
151
105: 77-81.
P h i l l i p s ,  G .J . ,  and P .T . B org ia . 1985. E f fe c t  of oxygen on morpho­
g en es is  and p o lypep tide  ex p ress io n  by Mucor racem osus.
J .  B a c te r io l .  164: 1039-1048.
P ik ie ln y , C.W.,  and M. Rosbash. 1986. S p e c if ic  sm all n u c lea r RNAs a re  
a s so c ia te d  w ith  y e a s t sp liceosom es. C e ll 45: 869-877.
P r ic e ,  C.A. 1982. C e n tr ifu g a tio n  in  D ensity  G ra d ie n ts . Academic P re s s ,
New York.
Rlckwood, D. 1978. C e n tr ifu g a tio n : A P r a c t ic a l  Approach. In fo rm ation  
R e tr ie v a l  L td . ,  London.
Rlckwood, D ., and B.D. Hames. 1982. Gel E le c tro p h o re s is  o f N ucleic  
A cids: A P r a c t ic a l  Approach. IRL P ress  L td . ,  O xford, England.
Rippon, J.W. 1982. M edical Mycology. W.B. Saunders, P h ila d e lp h ia .
R obison, G .A ., R.W. B u tcher, and E.W. S u th e rlan d . 1971. C yclic  AMP.
Academic P re s s , New York.
R ogers, P . J . ,  G.D. C lark-W alker, and P .E . S tew art. 1974. E f fe c ts  of 
oxygen and g lucose on energy m etabolism  and dimorphism of Mucor 
genevensis in  continuous c u ltu re :  r e v e r s i b i l i t y  of yeast-m ycelium  
con v ersio n . J .  B a c te r io l .  110: 282-293.
R oncero, M .l.G . 1984. Enrichm ent method fo r  the  i s o la t io n  of auxo­
tro p h ic  m utants of Mucor u sin g  the  polyene a n t ib io t i c  N -g ly co sy l- 
p o lifu n g in . C arlsb erg  Res. Commun. 49: 685-690.
R oss, I .K . 1979. B iology of th e  Fungi. McGraw-Hill Book C o., New York.
R oss, J .F .  1983. R egu la tion  of m acrom olecular sy n th e s is  in  the  fungus 
Mucor racem osus. Ph.D. D is s e r ta t io n .  L o u isian a  S ta te  U n iv e rs ity ,
Baton Rouge.
R oss, J . P . ,  and M. O rlow ski. 1982a. Growth—r a te —dependent adjustm ent
152
of ribosom e fu n c tio n  In  chem ostat-grow n c e l l s  of th e  fungus Mucor 
racem osus. J .  B a c te r io l .  149: 650-653.
Ross, J.F., and M. Orlowski. 1982b. R eg u la tio n  o f ribosom e fu n c tio n  
in  th e  fungus Mucor: growth r a te  v i s - a - v i s  dim orphism . FEMS 
M ic ro b io l. L e t t .  13: 325-328.
Ruiz-Herrera, J., and S. Bartnicki-Garcia. 1976. P r o te o ly t ic  a c t i ­
v a tio n  and in a c t iv a t io n  of c h i t i n  sy n th e ta se  from Mucor r o u x i i .
J .  Gen. M ic ro b io l. 97: 241-249.
Saenger, W. 1984. P r in c ip le s  o f N u c le ic  Acid S t r u c tu r e . S p r in g e r-  
V erlag , I n c . ,  New York.
Samarina, O.P., I.S. Asriyan, and G.P. Georgiev. 1965. I s o la t io n  of 
n u c le a r  n u c le o p ro te ln s  c o n ta in in g  m essenger r ib o n u c le ic  a c id .
D okl. Akad. Nauk SSSR 163: 1510-1513.
Samarina, O.P., E.H. Lukanidin, J. Molnar, and G.P. Georgiev. 1968. 
S t r u c tu r a l  o rg a n iz a tio n  o f n u c le a r  complexes c o n ta in in g  DNA-like 
RNA. J .  Mol. B io l .  33: 251-263.
Scopes, R.K. 1982. P r o te in  P u r i f i c a t i o n : P r in c ip le s  and P r a c t i c e .
S p r in g e r-V e r lag , I n c . ,  New York.
Seigelchifer, M.A., and S. Passeron. 1984. The s e p a ra tio n  and p ro p e r­
t i e s  of two p h o sphopro te in  phosphatases from th e  dim orphic fungus 
Mucor r o u x i i . A rch. Biochem. B iophys. 229: 403-413.
Seigelchifer, M.A., and S. Passeron. 1985. The p resen ce  of two h e a t-  
s ta b le  in h ib i to r s  o f phosphopro te in  phosphatases in  the  dim orphic 
fungus Mucor r o u x i i . A rch. Biochem. B iophys. 238: 353-357.
Sheeler, P., and D.E. Bianchi. 1983. C e ll  B io lo g y : S tr u c tu re ,
B iochem istry  and F u n c tio n . John W iley & Sons, I n c . ,  New York.
Sinclair, G.D., and G.H. Dixon. 1982. P u r i f i c a t io n  and c h a r a c te r ! —
z a tio n  of cy top lasm ic protam ine messenger r ib o n u c le o p ro te in  
p a r t ic le s  from rainbow t ro u t  t e s t i s  c e l l s .  B iochem istry  21: 
1869-1877.
Skoglund, U., K. Andersson, B. Bjorkroth, M.M. Lamb, and B. Daneholt.
1983. V is u a liz a t io n  of the  fo rm ation  and tra n s p o r t  of a s p e c if ic  
hnRNP p a r t i c l e .  C e ll 34: 847-855.
Skoglund, D -, K. A ndersson, B. S tran d b e rg , and B. D aneholt. 1986. 
T hree- d im ensional s t r u c tu r e  of a s p e c if ic  pre-m essenger RNP 
p a r t i c l e  e s ta b lis h e d  by e le c tro n  m icroscope tomography. N ature 
319: 560-564.
S ie g e rs , H ., E . De H erd t, and H. Kondo. 1981. Non-polysomal po ly(A )- 
co n ta in in g  messenger rlb o n u c le o p ro te in s  of c ry p to b io tic  g a s tru la e  
of A rtem ia s a l in a . E ur. J .  Biochem. 117: 111-120.
S ie g e rs , H ., and H. Kondo. 1977. M essenger r ib o n u c le o p ro te in  com­
p lexes of c ry p to b io tic  embryos of Artemia s a l i n a . N ucleic  Acids 
Res. 4 : 625-639.
S p lr ln ,  A .S. 1969. Informosomes. Eur. J .  Biochem. 10: 20-35.
S p lr in ,  A .S ., N.V. B e l i t s ln a ,  and M .I. Lerman. 1965. Use of form al­
dehyde f ix a t io n  fo r  s tu d ie s  of r ib o n u c le o p ro te in  p a r t i c le s  by 
caesium  c h lo rid e  d e n s ity -g ra d ie n t c e n tr i fu g a t io n .  J .  Mol. B io l. 
14: 611-615.
Spohr, G ., N. G ranboulan, G. M orel, and K. S c h e rre r . 1970. M essenger 
RNA in  HeLa c e l l s :  An in v e s t ig a t io n  o f f r e e  and polyribosom e-bound 
cytop lasm ic messenger r ib o n u c le o p ro te in  p a r t i c le s  by k in e t ic  
la b e l in g  and e le c tro n  m icroscopy. E ur. J .  Biochem. 17: 296-318.
S tev en in , J ■, G. D l v i l l i e r s ,  and M. Jaco b . 1976. S ize  h e te ro g e n e ity  
of the  s t r u c tu r a l  su b u n its  of b ra in  n u c lea r r ib o n u c le a r -p ro te in
154
p a r t i c l e s .  Mol. B io l. Rep. 2: 385-391.
Stevenin, J., H. Gallinaro-Matringe, R. Gattonl, and M. Jacob. 1977. 
Complexity of the  s t ru c tu re  o f p a r t i c le s  co n ta in in g  heterogeneous 
n u c lea r RNA as dem onstrated by rlb o n u c lease  tre a tm e n t. Eur. J .  
Biochem. 74: 589-602.
S te w a rt, P .R . , and R ogers, P . J .  1978. Fungal dimorphism: A p a r t ic u la r  
ex p ress io n  of c e l l  w a ll m orphogenesis. Pp. 164-196. I n : The 
filam en to u s fu n g i. V ol. 3 . E d s ., J .E .  Smith and D.R. B erry .
John W iley & Sons, I n c . ,  New York.
Stunnenberg, H.G., C. Louis, and C.E. Sekeris. 1978. D ep le tion  in  
n u c le i  of p ro te in s  a sso c ia te d  w ith  HnRNA, as a r e s u l t  of in h ib i ­
t io n  of RNA s y n th e s is .  E x p tl. C e ll Res. 112: 335-344.
Sypherd, P .S . ,  P .T . B o rg ia , and J .L .  Paznokas. 1978. The b iochem istry  
of dimorphism in  th e  fungus Mucor. Adv. M icrob. P h y s io l. 18:
67-104.
Tanford, C. 1961. P h y s ic a l Chem istry of M acrom olecules. John Wiley &
Sons, I n c . ,  New York.
T e re n z i, H .F ., and R. S to rck . 1968. S tim u la tio n  of fe rm en ta tio n  and 
y e a s t - l ik e  morphogenesis of Mucor ro u x ii  by phenethy l a lc o h o l.
J .  B a c te r io l .  97: 1248-1261.
Thorpe, N.O. 1984. C e ll  B io logy . John Wiley & Sons, I n c . ,  New York.
Van d e r  Mar e l ,  P . ,  J .G . T asserson-deJong , and L . Bosch. 1975. The
p ro te in s  a sso c ia te d  w ith  mRNA from u n in fe c ted  and adenovirus type 
5 - in fe c te d  KB c e l l s .  FEBS L e t t .  51: 330-334.
W east, R.C. 1984. Handbook of Chem istry and P h y s ic s , 64 th  E d i t io n .
CRC P re s s ,  I n c . ,  Boca R aton, F lo r id a .
W ittnann , H.G. 1983. A rc h ite c tu re  of p ro k a ry o tic  ribosom es. Annu.
155
Rev. Biochem. 52: 35-65.
Wooley, J . C . ,  R.D. Came, D. T a r to f ,  and S-T . Chung. 1982. Small
n u c lea r r ib o n u c le o p ro te in  complexes of D rosoph ila  m elan o g aste r. 
P ro c . N a tl .  Acad. S c i. U .S.A. 79: 6762-6766.
Z orzopu los, J . ,  A .J . Jobaggy, and H .F. T e re n z i. 1973. E f fe c ts  of
e th y le n e d ia m in e te tra a c e ta te  and chloram phenicol on m ito ch o n d ria l 
a c t i v i ty  and m orphogenesis in  Mucor r o u x i i . J .  B a c te r io l .  115: 
1198-1204.
VITA
C harles P a tr ic k  Chapman was born on August 23 rd , 1956, In  S e o u l,  
S ou th  K o re a . He a t te n d e d  S t .  C lem ent o f Rome E lem entary School in  
M e ta ir ie ,  L o u is ian a , and graduated  from B ro th er M artin  High S ch o o l in  
New O r l e a n s ,  L o u i s i a n a ,  in  1 9 7 5 . He a t te n d e d  L o u is ia n a  S ta te  
U n iv e rs ity  in  Baton Rouge, L o u is ia n a ,  and r e c e iv e d  th e  B a c h e lo r  of 
S cience degree in  M icrobiology in  May, 1981, and th e  M aster of Science 
d e g re e  in  M ic ro b io lo g y  in  A ugust, 1982. He i s  m arried  to  the  form er 
G lo ria  Marie K im ball of P la u c h e v i l le , L o u is ia n a .  He i s  p r e s e n t l y  a 
c a n d i d a t e  f o r  th e  D o c to r  o f P h i lo s o p h y  d e g re e  w ith  a m ajo r in  
M icrobiology and a minor in  Food S c ience .
156




C harles P a t r ic k  Chapman 
M icrobiology
C h a ra c te r iz a t io n  o f M essenger R ib o n u c leo p ro te in  P a r t i c l e s  
in  Dormant S porang iospores o f th e  Fungus Mucor racemosus
Approved:
Major Professor and Chairman
te School
EXAMINING COM M ITTEE:
V v\tJT -S 'W '1
Date of Examination: 25 August 1986
